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Abstract of JP 2174804 (A) 

PURPOSE:To prevent plaque from being left so as 
to be able to easily confirm a place with which the 
top ends of brushing hairs comes into contact by 
providing both a main body which can hold a 
toothbrush and a lightening device by which light 
can be applied near the place where the hairs are 
planted on the toothbrush. CONSTITUTION: After a 
toothbrush 7 is held in a main body 1 and this main 
body is held by the hand, a switching knob 2 is 
operated. The toothbrush 7 thus starts a shuttle 
motion and the light of a lightening device 5 is 
applied to a place 8 where hairs are planted. For 
that reason, since a place with which top ends 1 2 of 
the brushing hairs comes into contact on the surface 
of teeth is brightly lightened by only touching the top 
ends 1 2 of the brushing hairs of the toothbrush 7 on 
the teeth and can be precisely confirmed by the 
eyes through a mirror or the like, the top ends 1 2 of 
the brushing hairs can be fully reached to all parts of 
the teeth. At the same time, since a place 3 where 
the toothbrush is placed is shuttled, brushing with 
the toothbrush 7 is done without moving the hand 
and plaque is removed. Furthermore, a shuttle 
motion, e.g. the amplitude of vibration in its axial 
direction is about 4mm and the number thereof is 
about 2300 per minute, is suitable for the vibration of 
the toothbrush 7. 
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Abstract of JP 10014661 (A) 

PROBLEM TO BE SOLVED: To prevent a 
toothbrush itself from becoming dirty by waterdrops 
adhering near a toothbrush member during charging 
by holding the toothbrush body so that its handle 
may be located higher than the toothbrush member 
with a toothbrush body holder. SOLUTION: A 
toothbrush body holder 1-1 wherein a holding part 
1 1 is protruded from the upper edge orthogonally of 
an oblong rectangular flat part 1 0-1 , and a 
waterdrop pan 12-1 is protruded orthogonally from 
the lower edge of the flat part 10-1 in the same 
direction as the holding part 11-1, is fitted to the 
surface of a wall. Then the toothbrush body holder 
1-1 is held so that a toothbrush body 2-1 may be 
higher than a toothbrush member 3-1 . Therefore, 
during charging, the part between the toothbrush 
body 2-1 and the toothbrush member 301 and 
irregularities of the toothbrush body 2-1 and the like 
are protected from becoming dirty by waterdrops 
adhering near the toothbrush member 3-1 , and 
sanitariness is ensured. 
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Abstract of JP 10165410 (A) 

PROBLEM TO BE SOLVED: To provide a 
compound containing chromophore used to smooth 
a skin and cut a tissue using a laser which emits 
light in a visible spectrum area or infrared ray 
spectrum area. SOLUTION: By applying a 
compound containing chromophore to a skin 
surface, a light absorption ability is obtained which 
prevents a laser energy transmitted into the skin 
from causing unwanted irreversible damage to 
tissue or cells, and a light energy can be converted 
into a thermal energy locally at the compound 
applied. 
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[ « *ii 13] u-^r-ymz mtt h m t . im: 

^\ loJJJtico^fea&^WT'l.lBlffilt^JiT'. fflv^ 
-12 «0V v*¥lj&» 1 )St£Kfl5«ffl, 

[if*ii 1 4 ] «rti^x^^ h/HBttrciuti-s 

—if—, WtC ^NV^-ft-fe*!^— »f— <585nmh ;l-b'— 
W- — if — ( 694nm) s ZMit N d : Y A G V— if — ( 532nm) % 

iii(;iett^ffiffl„ 

[ If *ifl 1 5 ] ^[-Hx h ;HRWTf6*^ 8W 

1f— . C0 2 (10.6/xm) N Er: YAG(2.94jam) . 

Ho: YAG(2.12^m), Nd: YAG(1.06//m)^f'c7)lx— 
if-?rffiV ^tz i i: SriWfUfc f-S»lf *H 2 ~ 1 3 JftfOV ^ 

[|f*iI16] #t^V^x^^«^-§itSitSrB 

e^i: UfcHS«i{K£Tft oT, ( 1 ) &ssm£Z&5*m 

fey, ( 2 ) p — »f-sca«ft**±iafejtaat=; ant § a , 

x^^^-/s.co^3D>'^fpSa^ffl^^fc v -iTSFJfW 

[ if sRjf 17] »x ± y s ^ © JioiMifc 

[ if *im 1 8 ] ^a^'Scif aaBBmop w/cm^ *is^ 
u— if-t j: yf#^ti, if * t< »4jftatiH!emo'w/c« 

[ If *lf 1 9 ] . lltftf fllSO . 5 W/cm 2 £Lh . 
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*?* t < {ilOW/cm 2 lil±, § L < (ilOOW/cm 2 

ULkcoU— if-tiJ: 9#£ft&£ t ^mi^&lf*^ 
l £fct41 6—1 SOivfft^i JltlBK<7)Sri£» 

[ if 2 1 ] &mimw&&m-c hz-tzwm 

[ If 2 2 ] f&feafc i fc« n?efeffl£ i^r 

fciti f /'4^iilli|-^§tl7t£i:SrWt5[t-ri»if^JIlS 
fc(41 6 — 2 l^v^'ti^lil(;iet!j^73^. 
Clf*]S2 3 ] r-3H6*iB8fr*1JC fiffi 
ft. ^=&Jl^j£Mftft£^U ^ffll&ft 

stti 1 6 — 2 2<mvrtL£UIflCf2S^7j}£a 

-if—. ^^^l-X^-fefgl^— »f— (585nm). ;kf— !✓ 
— if — (694nmK ~Mit Nd: YAG1/ — if — ( 532nm) & i; 

im^&^tzmwtt-t&immittzi&i 6-2 3^ 

if—. ^ft. CO 2 (10.6jumh Er:YAG(2.94/<m). 
Ho:YAG(2.12;um). Nd: YAG (1.06^11)^^1^— 
f*— *fflVvtii:*W»f:"f ±fci±l 6 — 2 

3 cd^W l JltclBKco^ra. 
[0001] 

[ JM8f5lW-«S*ft4Hff ] U-if-MJKO lift 

[0002] 

-commit t ±fktm t <m<?>*im&ws&m&im 

[0003] tt, ¥—<n?i\,zi.&&.m<04— i^-v 



^f^(0P— if-MUJi;. fflA£J: otSSttFjrVC fc 

^KSrflS^Ji: V-?&V—4f-<7Mb LTfi, CO s (10.6 
Xtm). Er: YAG(2.94//mh Ho:YAG(2.12wi)* i t 
itl&ls- if— 

[0004] ^ItKX^.^ h/U£fc(ijfi#*h«($r^400 
nm— 1000nm)^-CJfelfr€» I— if-ii, ftJltC^f LT 

85nm) ± tWlt feMSW^lffl^Sl'tNd : Y A G 
[00 0 5] %&fgm\ZX S&Jf <?DHWt«, ffl«¥««B 

^ix^^s&mii. nfeffl<?)f£e(-5-i.^*i.fcS[^<?>i8be 

* * t $ it h mm was t tafi^j a ^ s . 
[0006] msmt. ^*^^v— y-3aftfc«t-3 

4. l^-if-oi^fflii. an«irt!ftMav*<o«*ia(?5 
[0007] - ts»i4. o , mm 

5*f-SiSJKt±. 50— \oorcx'fo&* zn-femizx . ^ 

- «(ablation){4. ft«^* 3 £ t tCffl . ± 

* cr>fc!frifiW8&tZ X xm^ix 5 . I'J^fi 

JKSi s JtKWffl^(l/10#c7)^. ^--;l-) T'100— 1000°C 
h^So 100— 300°CT"ffiSiii:. WMW^dz i. h mm^M 

mzxnm^tii>. 
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[0008] mmmtmmmcorscommwim^ ce^ 

[0009] m^*)^-fi>^ikm$foTm*i-&ig} 
mm^&mMizmmm&mz&nzmi-t&tzisb 

m&si ^mmtLX5o%m^^^^z sm^mmxh 
z> . v — f : ~mm nwrnrnv - w^«b# m x o ^ * § v > 

£Isbmw=bj t a* 1 ? 6 iiTt i a <o«aii t * s . $ & . 

— <i-it 100°C £ (J 5 J&Htjffl £ § L*-^ 4 TlflJK 

sfeSM»affiti. tz b timmnitojgBf&mifScoimizm 

[0010] § ^tc. M^tO±#:fflli60©lRX^^ Wi- 

* i i: 3&sij*r>ife . Ltztfix, ^*)V¥-<?>mmx' 

[001 l ] _B£eo i 5 JKSftSfcHRfc. ^10 8 W/ 
[0012] IlMli #*s03^*rt^-#-Hfr 

ffM^ixS (10 8 W/cm2 b i^o JSflMKttlO-T slilT^H 

WISH* i&si^fc ea^tis „ £<y^iU;^kxf£5o~i5o 

ft. ico^Hli, RB/xs<JDBKOWii:JffliB(ifij&sJE-iT 



[0013] ftftfc, ifi**i»Wf5jfi< («, #<?5W5E) 

[0014] Lfc^-oT, *ll#Sm5 , 4 23, 80 

l;H«(Nd:YAG, 1064nm ; 

m-h?5mz^ximLx^z> « u-f-mwrn. * 
aaawc, ^fea^w (m^mmm^z^ 

3 U^KOflJHsoJIH i: * £ (tttt WS& 

[0015] *^aB«BW<7) — «Tffix^^ b/l-fl 
[0016] *fft9J!sDi 3— O<?0@W{4. 

h ^ffi^T-^*^- « — r - v ^TAJf t if 6 *»fcrf 

[0017] ta— -->crmm±. t<=5rv^^nra!w 
iiww)jBrft*iii»r4«!affitiiflw* i t fc* s . 

[00 18] 

-> x , ( i ) ^a^wtffwwsf ^ -v u ^-4> 
&zb*-*imiz-t&z\b$:%mb~f&. p-ir-uflrtR 

[0019] 1 EcOl^-lP-^ 3 >y hCOmiZfflM 
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Tfeb 1 ^ %mmzi&m£\Qo°cy,±.i l zm^it. mm 

[0020] Ltz¥->x, ^muzzhiz. u-^-m 
ism* ±9&&m$m£.*mt h miz&mmmizmmmz 
Mffi-rs <r t zsmt LtzmtfLmcommztufz, i oia 

c i o , m^ztifcmm^tz&^xmmw^x.^i' 
^~(7)m^^~^mmmfSi^mizL. zom^ 

[002 1 ] lx— y-«9^»JWaR3fcie£i>->fc£tf> 
[0022] ffillWI&cDfJL «fc LV\ iJitf/S 

nrBSfcSro. c\<Dz\bimmzmt>tiHz-t&c\bt,zmm 

nophyma). JftPt-ftsSE. &ffiIf|SL SfeSSL AJWS. 

[0023] $s>t:i±,. mmjimt, ftXEjs,i>&mim 
mffa. mz&mm¥mimMMcDmm£M±z j £& z t 

[0024] 6tc, H^WMS&L ilcyv 

*/ £ gfej? $ -fr & HaWttSflK-C* oT> ( 1 ) iffl^ 

■T*»«IHl*±iE**^]Bt^L, ZCOW& 

*T4 i cr>T$> 0.(2) 9*— StSflS^JJBffiW^ffl 
fc:JSSt§*u rau- ir-fc:.J: | 3±&fcSH3tte.J: | 3» 3£x 

[00 2 5] 8^fllt43fcX*/I^— C^X^^f— ^CO 



fc/hS&l^— f-ti Off i^Jfc9fiH«li, IttlO 

[00 26] JfcatHgSJi. »4 L<ia0.5W/d»J2LhT 
35 0. ±"3»aU<J410W/cB»£Lh, S^(cif*L<(i: 
lOOW/crfJSLhT**. 

[00 27] W&m\±. W4 t < «100 s HTT * 
[00283 K tTI/— r-fc J: Oftttl^WtJtx* 

[00 29] MtCti. ^CDiftX^/^-T?, A«JfiO 

^^f*TT1i. ±i£cr>J:dlz^ ^j»/\to^x^;^- 

tt^I05S5A^J^ii^:$^{f. superficial dermis^ 

[0030] ^muzmm-t&ft-muz. tmiz^ m& 
&mz&tsmmtzu-^-<7m3tm.mz$5\,-ix . &m 

b") bco^m^mcnmm^b-^t ^m. u at 

[00 3 1 ] i^x^co^feHti. i*tttiJ:l^/4fcl4* 
fc***ufeJKirc (RMttt^rL,TfcJ:<, X7V-/1 

%<r>94 ^^mm^zmm^m^^^ w-wzwm 

£i£&c\btfX*%&„ 

[00 32] Ztit>co5t&Mi3 ir^/*fcli:R56feaS' 

[0033] jf a LK^^mmmmmmh^^tm 
mumt. nmz&ifh%mm.m-mmzti, mi. ^ 
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^lAyxii, y^i-j+rA k mzz 

[0034] b/^IJ*-C"56 

& £ i: S 5 . h)VmMZ*W£t%> V 

— f — IZWWZ.tt&MV— f — (585nm) , /I^b— lx— 
Hf — (694nm) J; t/~lE Nd: YAGU —if— ( 532nm) 

{4. CO 2 (10.6jumh Er:YAG(2.94jumL He: YA 
G (2. 12mxi ) , Nd : Y A G (1 . 06//m) V— Ktfifo 

[0035] ffl^^t , m®.fmw&mmmzmiu$ti 

tfi.it H»S^«a* itffflSSriffc: ioTSEftU 
Ufc*^ *.S«^frTT1i0.25%^fflfigtf%i: III t(R 
[0 0 3 6] Lfc^ot, ^-i.^fL^^-vU^r-*. H- 

*^ISt!|*IC0iHi«3Ei*|6l±-r 4 tihV^V ultra 

[0037] nfH3«fcv<? Nl^*fc«3fi**MI* 
£\ loJ2Lh«3H5BI*-£», P-lf-JttftfcfcftJjlO 

o b>\ ^t/n b"y Sr U—y-HBBW*^>fifflW 
[0038] m/MAl? h;HH«(»S. l/xmJil±)T" 

lx— f — 1 ^£JLb7>?hHWf&feH£-£ 

» , — m t skm^rsizmu^ttfzm.^mz x 

SrSft -6 *Btf>¥»43 J: J*<7> ? ycoWJTlztttf?? 



[00 39] Lfc^T, *£6:h>yra<— J&oartt 

m^&mmm^zm^com^commt Lx%.m-t& r 1 1 

[0040] Hl~6 ii^SfeBJ^ $ 6 CDife tf»i3j? Lfc 
[004 1 ] § fc . IklfiBfttJ itf3C 

[0042] sjsni. mzKmsjsmmmmmr 

xm\^Wtmz&^xKmw£^^^x'foz>tiK v 
-^r-mmmcomm^n 3 mtz&mtzwfct &x- 

[0043] *^«a#;W||Jfe«j#^ Xtlli , Ix-nf 

SB<i, fifltWfcl4*QJI«1« 5 , 3 3 0, 5 1 
ttco^a k -t h i k £ . 
[0044] 

^ ^hj MPl-t £ t <7)T14^ \ Mfi* v> < jUft 

[0045] mmm 1 : 
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Lanol CTO (Seppic) 
Geleol (Gattefosse) 

DC 200. 300 cp 
Polysynlane (NOF) 
Sicovit red 30E172 (BASF) 

[0046] : 



2 

1.5 
1.5 
15,1 
5 

20,1 
47.8 



v ? (2.5%) ^-xt^^my^ 

ft* 

Derussol A (Deggussa) 
* 

Aerosil 200 (Degussa) 
Poloxamer 182 

[0047] HJ6M3 : 

%—#>77 -y ? (2. 5%) 

FW1 (Degussa) 

Polysynlane (NOF) 

[0048] Hffcft 4 : 

#-*>:t"5 -y ? (2. 28%) Sr^.-X t t"&£!SJ«ffMffi^$ 

Derussol A (Degussa) 15.2 
Eudragit N E 30 D (Rohm & Haas) 34.7 



To 

16.65 
72.85 
7.5 

2 
1 



2.5 
19.4 
0.63 
77. 47 



[0049] mmm 5 = 
[oo5o] mmmm^mu-th ; 1 

[00 5 1 ] mMWftCOWPfti : Jf - F 5 -y h Oi^MM 

(02). 

[00 52] 1^— if-HBSf : itooSBli . 5B£B#ISJ#'l 
//si 9JI^~£fliNd: YAGt/- »f— (532nm)£rfflV> 



50.1 

[00 53 ] «jaafc£+#2rffS (UStM 1 , 2-CW 
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4) „ 1 0(7)1/— ¥—is a «y h<7)ll£fflj£!fWfc;£j£§ 
4(H6). 

[00 54] Stt^flcWCV^k, H»J2fB«c<Z)ffl 
^2r^-K5>y h^Jl^ffitcW^feJ^lOOjumST" 
mtSLfclte* KafiiaK450W/c**fcJ:tP 3B£25J/cm2 
"C'HBJf^^i^fcJ; superficial dermis & 25—50 

[00 5 5] ffi^HHe^gfeB^ffifflLTftWf ^^ffi 



Hi: 

[mi] t- com&&tfM& conmcowtw&m 



[02] HtfcH 5 Kij* Lfc^OflS-gHB ( 1 ) & 

[H3 ] mim5i l z^Lfzj>mcD'mz.fm(2) zm- 

0T" h h . U — 9"' - £ ffi o T 3fcftl*tt 2r BSftf-f & . 
[04 ] HSfeffl 5 \ZHWX. , j£Jf ftHfc^ftiSft^ffl 

[05] mm5i l z&^x. mmmiz£y)imzti?> 



)*is-r0TS>4. 

[06] £*feft| 5 fcisv vc » jSJt«ffi»UI^*^-r0 

1 

2 
3 
4 
5 
6 

7 : JEf£4^&It 



[01 ] 



[02] 







!(-•.■ . II--.-. 


1 1 . ™ »" d 

1 — 


1 1 















1 

2 
4 






[03] 



[04] 



[06 ] 



(9) 



10-165410 



[05] 




7U> Y^- i/<7)Wi% 

yyyx- 06250 ■ a— i?^y - a-^> 

y°yx ■ t ■ T-#- V ■ 

10 



yyyx ■ 06600 ■ ryf ^-7" ■ 

825 

(72) V/kr- 

7 ■ 06560 ■ *fr)Vi$Z ■ ^'-fe y 

Y ■ 5 — ;U ■ 22 ■ " »J;P ■ Fx 
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Abstract of JP 11047146 (A) 

PROBLEM TO BE SOLVED: To easily perform 
treatments such that parts requiring different cauteri 
zation levels are juxtaposed. SOLUTION: A laser 
application device has a beam scan means 2 
applying a laser beam to the area for cauterization 
by scanning, and has a cauterization control means 
3 for juxtaposing a first cauterization level part 
where cauterization depth in the skin is great and a 
second cauterization level part where the 
cauterization level is shallower than in the first 
cauterization level part, or an uncauterized part, 
during the application of the laser beam in the 
scanning fashion. 
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C k T\ *ftO 
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Abstract of JP 2000300684 (A) 

PROBLEM TO BE SOLVED: To reduce heat 
damage to a skin caused by the continuous 
radiation of laser beams by providing a control 
means for controlling a scanning means to radiate a 
laser according to the irradiation order of respective 
spot position determined by an order determining 
means. SOLUTION: The order of spots for laser 
irradiation is previously stored in a memory 52 
corresponding to the pattern of scanning shape and 
size and a scanner controller 51 reads a 
corresponding pattern from the set scanning shape 
out of the memory 52 through a control part 50 and 
controls driving of respective driving motors based 
on this information. In this case, the arrangement of 
regular order can be determined by arithmetic 
processing due to the control part 50 or the like 
based on the distribution information of spot 
positions found from the scanning shape and size as 
well. Therefore, the adjacent beam spot positions or 
scanning lines are not continuously irradiated and 
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Abstract of JP 3066387 (A) 

PURPOSE:To automatize the start of irradiation and 
to reduce the fatigue at the time of irradiation by 
providing a means for executing alternately the 
irradiation and the stop of an irradiation probe, and 
varying independently an interval of an irradiation 
period and a stop period on an electric control part. 
CONSTITUTIONS the time of executing the optical 
depilation, a use condition of a light emission source 
of each color, that is, changeover switches SWR, 
SWB, strength setting parts VI R, VIB, irradiation 
period setting parts VTR1 , VTB1 , and stop period 
setting parts VTR1 , VTB1 are set. In the case of 
radiating a red light, a red color irradiation probe 5 is 
installed in a photoconductor cable connector 8, and 
the selection of a use light source is switched to a 
contact position R by a switch SWS.; Also, in the 
case of a blue color, the switch SWS is switched to a 
contact position B. A red color or blue color light 
emission source always execute a light emission 
and a stop in accordance with the sequence. 
Therefore, a user moves the irradiation probe to a 
desired part of the skin in the course of a stop 
period, and executes the radiation during the 
irradiation period for pressing and fixing it. Since the 
start of irradiation is determined automatically in the 
device, fatigue is not generated against use of many 
hours. 



:v - •'\\\\ 



: i - 



:-;v*N>. 

i i i ■ 



:i-r 



• ■ 



5 ! 



0% . 



.! 



r... 



i f. ; ■ -i i .; 
■ ■ ' ■ ■. i ■ ■ is 

S > >, . V 



1 > 



Data supplied from the esp@cenet database — Worldwide 



http ://v3 .espacenet .com/publicationDetails/biblio?CC=JP&NR=30663 87 A&KC=A&FT= ... 10/1 6/2009 



®B*@4#l 4 FiT(JP) ® # fp tti P & 





©IntXL 8 HfeSlJIB^ JrP^Sa#^ TO 3 ¥(1991) 3^220 

A 61 N 5/06 Z 8117-4C 



@# H ^1-200296 

©Hi m ^ 1(1989) 8 ^ 3 B 



n » # 

l . & E CD -g ffi 

* 1 ? ^ fi 

1. *fe*#«Rtf -hlS-^©* 

bam 90c »ntr n-^©H«©*fT <t 

M 3* 7' n - 7' £ & # l_ m#ri0<Z>&»j£3gt^ 



£ X 3E b T Sr H [0 If 8* IS! cd KB ft K * & ^ 

3 , % 9 <z> ft n & K 9! 
[«»J:<Z>fiIflHi'») 

■ 4*Mf *fc»SliftKtt)S , c***A*llll 
1 - 1 2 4 5 9 f^iCi;^i^tfe^, c:0>& 



-581- 



mmmiz&z^iM^t a. *©&, 

c j; o t m ^ € % h % © & ft <t ^ w * w m t 

©Be»#«W»©«3 *»K8ttfta** 

ifctlt»B^#ft**WtfB*B»rK:BI*f * C7 
5 y > y ^ ) o 

±IS^ISB¥1 -1 2 4 5 9 
S£f£J3f l»OBBtt«:i©R««M*# 

B0T0*tt*^»»ttja:B;fr©«£ b h z 



3-66387 (2) 

©JfclftftB^Blf SS^ft 5 «« <* t?, * 

■fey y • 7 y rt:J; 5 *fta>JfclfiftB^MflEa>* 
Ttefo 10 *m -h ec jfi JE ir ^ 

■a* c ©hk:»^ mt mtrn - 

±©BR*»llr4*TB»f z <x> 

If ft £ J£ < T^:it%i^tL^. L**L#*<6s 

» © **■ «: ±» <fc R^i* 0) tt» *<* & k: 35: « • 

*©#s WE«Fia¥ 1 - 1 2 4 5 9 *&«-CM 
SttW£ifcat>Tt>4S. C © © *# £ ^ JLKiS-^ 

fcWH*fctt*ft«±©®»^c:©#«*4 * *• 



* It 3 Ift^&a&3l^£*T ■» AfcU 

lt#Itlt^*ttflt?»*^ — 0 £ — A 

*T O • * *L & s C © # 7^^gfft^0^ 

tt. fit ffl H ft » a -f £ M!JH#K:jB»3&<m* 
£ £ 3> ft *l fi[ b © 11$ TbT 4 I? L s — d © f£ a 

cBf *i*B*<fc £ A it « ft * a: < t fc N 

©»»4#-C8Itfii> «*Klft»lBI*BU. 



CIHBjfll*B*f * fc»©¥B] 
**B«:B_lff « IB«rn -7*£. BEWSftS 

**«»K:»i8if««»$ijaaji*fli^fc*att€ 

^Wfelg^Wi. ±12 "o©3t«^ 6 *M L fc* 

4#95£Bt**f ^fswr 0-7'is 
*B*iftcMBf seaman & ^m^tz%m^ 

asf S*ffl»A<B»LTft 5 s «»»MBffl^ttc: 
lt^B*K)E UTWBB»»H©KBfiC* * ^ 

s^*«afsm&ras*<«Ri,T&*£££# 



-582- 



Cft IS) 

iB©»UC^OTEoftH*<ll&*i«. BPS* 
nrft©*©ltflJB» i>£Bl*3T IfiNcftes 
ft * . » fc . RMrn-^tjfcREffLttijT* 

CX1I0M 

7' a £ U*>^ ITfeS, Sit: 1-12 4 

5 9 ^^m^^yjkLtc^'O £x Et*f7'p-7'£|& 
©IHK«^*"*a»Bc ©***< 

KRLTfc«rR£87£«*LTii*SB6K:»A 



JtBH 5 ? 3-68387(3) 

I¥l - 1 2 4 5 9 ^&$S#M) . 

C ©*?!©»-© jSiiW"Ctt* miEl©3tM^ 

a as 2 tt = flSK#« its *ft-rft*ft56*«»J 
»B2a. *&A%aiHfflffi2 B&tf #9»jaffi 
2 c * zmtitz fttn*. *fti*fc&*jstt£ 

SSt5±SSli, *ft^ft*fe»*»«»» 2 
AKs ^fe^^iH^giii (A) Xtt^tt C M ) T 
Kft?****:^)©^!*:*^ ^ s w * „ * a * © 3$ 

#a**«*at!i (a) Rit^n cm) 

V rnt, *a*©H*f£ + »r LT^ £ ftihJHIHRE 
hB V t b i frffilSt LT & Z „ JEC *fflMa»2 C 



Kt*#a*#« (R) tttJHffcsK **^tt# 
£SaBBft©8t'* ± « fl[ IM B) 3k JEtk ~> 

y7**©*ft@*a»i"??^©iisv»ar^ta#« 

& If*. 

itSt«3X^4 £ b 5 J — i~ & tz#> <D b V # 
5 ©RJtJHIBItfTn Tife *) > ttjhffllH^Ti T?fc 

ttl^fts. c ©fl»«x -f y *■ y 

g j£ v ;v * K-f 7* u - * ( jK 3? S -7 )U * s< << 
© # x rfraB©^^ t — & (^ L & — >r y x » n y 

hn-^. aiy ^ © > K 

4*JWlW<fc(*±lHI8|©l»5Etttt. * ft-T ft c WHS"** 



SRClB*fKekoTft*«©*)t!s ill? 

& £ (^)$^)^s c©R5£ttBraeifiiaT«:<x ^ 

^) • WS, 0&£mtz tfitt, K» IB BIT. tt 
HttHHIR£tt V,„, a,T, *fctt±SIIHT 
s tt*±aiBRJEB Vt«. KJ; ^TRS££ft5o 
-boftEl*. #a»3E«©**cW LTR9! U 
fc*<x H«aRKtt#ft5S*«©»*^W 
3 T « £ £ . 

ft ■> £ « x *a©a**©«ffl*#©R3E ( w n 

X -f y * S W.. SWi.aiRgJJV,,, V IB , m 

WJBWR3EB Vth. Vtrn. »±»IHRSB Vmi. 
V TB1 *) HH^^TU^SiSJtSi, * 
a*£H8Jf:r**£. 5ferR*"rii6«*at*^- 

l,Tx &%ytffi<z>mm% * << * * s w s £ ^ -t 
)* jsl tt s r k w *? n ^ s - # a © * ^ ^ t± 

x 4 y3~sw 5 $S ( SfiIBi:ffl!)«x«. *a 



-583- 



3t©rub-f>f v # R zf y y v i> y ?7t\t, 3fe 

^TV-SttttSsfcBtffc* 1-12 4 

m 2 EI® CS^T»3ts 1* ± * <t ^ T 

&a < it, Ba&rr a -7-* z <z>ih»0H»«stk 
fi ffl # © milt * & ^ *r ^ h?t § * si © ^ it y 

n-7'SB#£$S3 a [EI £ SI 3 bl^^t, ^3 a 

t^*«*^r-r;H l©5fc*S£J5#l 6*<x #31 
^fttt£l© * AXtt7*5 X^y*3S©7*n-7' ■ 



3-66387 (4) 

»; * i o ©m<^ 1 b ****ii'r anett 

$ ftT ^ £ (9S 3 bg|t#B) . C © n - ;u 2 0 
©H®i5 <#£#&©. te: 7 5 4 

^©*8{^lPl43E5^^(£$-frTffi^]LTfe 
So B*l 8 ©K©»»^ ttKt»ttfflffl-fe 

>"9-3 0£<Ji#>iiA,-e;fc£ ft c©-fey*f-©as;*Hf 

- v v h 3 5 © v j/ fy3 usa?§^ 
n7 , ;^nt3 3k:h;t^«. as a ft ^ a c: 
© tr y 3 4 *^ e>3g£»*« 36^gi 1 © 

ft 2 £iIA;* ft*. 

T-a-7' ■ * * 'i 1 Oti. £G>KjHBI^&9 



t^OT, ft*©$|}7*n-7'©i;9£#i)>|© 

# * » f* tt =F ■ T * -B . aiJftjSA 
t§^ 0 IE > IS«:©^+'it 1 o©»»i 

2 0*©*iX^S«-2 4 «K»t*»ffl-fe>"!i-3 

*. co^^lT, q -/u 2 0 0 » tt Bi M *< 0k 

as £ § » 

S£^fc9*£<fc$SB&fr-c*>*. 

• + + 'iti 0 oiijE<c»naiK&cFiigeoxiB 

»£»±$**l«K«kaj#!»:8M 0 0 ©«S*<^ 



U a35*M®»»fr 6JB»© J; -5 c*-^«ta 
«8A, ^J:^T^5:i^i?§5, » £> ft fc is 

Aft #tt4Da»M» a r . (D&XmMizmj&mx-K 

C 3 A L T . IE X tt ft © If ^ 1/ ;u ffl C » l±5 1 

t»*t« MI#-BLMTi, 

A "f 3 • W h V 35T - /\' ;b X tt . ^nftl7'J 
•7n y rFPOty FiCFHy Hf S, R 

t:3A^^S. 7 V y r • 7 a y 7* F F © as * ft 

^ Q tt . 3t»8CNT©-fey h ^ S ' 3 A £ tl 
5. ftfa#. d ©ItSSS C N T iZ tt. ^n^^pgi 

tt JH XH © 2 n y ^ ^ ;i/ x ^ » i L T 99 32 it » S c 

NTtSAtS. it » 8S C N T © V * y Mi . 7 
'j y r • 7 a y r ©"Q tti ACck-,T*W©«aiJt 



584 



^2 ooiseisa&jttfi-css. & c: ©it 

ALT. d Z ~C a -/u 2 0 © 0Kc2]£ J&<Bf3£ © H 
tt . WI*-#-KCBD^&A*snT, ft^ 

abbe n c-ef^ftfeis^ *n-r*i"tt-^ai 

r H j u ju (z 3E ;b $ . Ji £ tt ti fcfc' r L j \y 
-5;u*lt»r*. n -a, 2 0 ©BKEiSK** 

tt r L j ^;^8IHt^5*<> d©LSlr>« 
K-b*? ttlbKll L ©tfj A fcU n -n> 2 0 © ^tcil 



?$P*1¥ 3-66387 (5) 

-< £ 31 1> 5 • ^ LT> Z (D&jjll^ J X 7- ~ 7' 

B^i L,fci*±B*iHT, «cffis-rsi#ra©«x s 

J£ tt * - # - K C B D & ft ^Ht II B E N C £ 31 

* 0 U T 1 *< r h j u *< jv tz & £ Z t tt , M 
MSlHtffrSBHJHJbc*^;: it*»L, PS*f 

0fr6:o»*aKDMlB IS 10© 

i ©««*** 1 ©**«B© N JlitfLE 

7' • * + »; * l oo»BSS*i< t«^S^* 



RBJtr a ^©WS&IHItffi©.!*! cx«-#© 
i2©££) £D£-r££. rn-yo^tillv 
HU 1 2 H£»j£LfcBIE!RMJBIBIT A c»U 

v - D / T b 

7 ^ as i HiciHWJHiHReaiJ v TRI , v TR1 

<t(*±MPfl»£» Vtri, V T „ , C ffi 3 T 5 . 

£ft^«^ig3i*r * c: t h "ifigT z 
m&*k&®nm 1 o o a» m««bb^- 



* ©#-> ;i£K^L:fc:r^©3Sifc{»te;:©§89i 

* 

y t i o © * c - m ti \f x « < . -ixfi^nK 

*-C*«»4H©4 t -#-KCBD*. Ill® 

JB!Ji© J; -i *T ^ n ^AA**4> *n^JS UfclH 

o ort©n»*3Ea-r*itfnigg'c 

(i%0J©5»*) 

(2) £ ©»W©S-**W©»rtK J;4xtf. RS*f 



-585- 



(3) &tt&K£A£- 9 fcM»£aibftcftE'?ft. 

(4) f*±ajr*1£S^i? £ ttl^LttttiklBlHtf 

d il tvl -S « 

4 . HB<z>ff*ti:Ktt 
miUli. c <Z>3£HJ C ck £ S — HJfcW i L T 

13 aU£3B3 b Utt. jR ftf 7" a - 7* £ & Rft it 

«sas^®sucrD-7' • * * y ^ © 8ff ® a 

HI * §1^12-^ : 

1 • • • % f£ „ 

2 * < < (SHan, 



3-66387(6) 



3 






4 






5 


• * 




1 


0 • 


. . t* n - 7* • 4 + V * N 


2 


0 • 




2 


4 • 




3 


0 • 




1 


0 0 





ftlA ix « * # 
ftSA ?i m ft £ 




-586- 



»ffll¥ 3-66387(7) 




® 4 



100 




4 Out I 



Out 2 



-587- 



esp@cenet — Bibliographic data 



Page 1 of 1 



TOOTHBRUSH CASE WITH STERILAMP 
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Abstract of JP 6022871 (A) 

PURPOSE:To completely execute sterilization of a 
toothbrush by providing a toothbrush position fixing 
means, and positioning exactly a brush part of the 
toothbrush in a toothbrush case, in a sterilizing ray 
radiating part of the sterilamp. CONSTITUTION:ln a 
case main body, a toothbrush holder 7 in which 
plural pieces of sandwiching means 6 for 
sandwiching a toothbrush 5 by spring elasticity with 
a neck part 5a of the toothbrush 5 are provided in 
the horizontal direction is attached so as to be freely 
attachable and detachable. In such a state, when 
the toothbrush 5 is contained in a toothbrush case, a 
brush part 5b of the toothbrush 5 is fixed as to its 
position so that its bristle tips are turned toward a 
sterilamp 8, not inclined, and bristles of the brush 
part 5b are held in parallel or roughly parallel to the 
radiating direction of a sterilizing ray. That is, by the 
sandwiching means 6 provided in the toothbrush 
holder 7, the brush part 5b of the toothbrush is fixed 
as to its position roughly in parallel to the ultraviolet 
lamp 8 provided in the inner part of the upper part of 
the case main body. In such away, the bristle root 
part of the brush part 5b in which bacteria propagate 
themselves most can be irradiated with the 
sterilizing ray, and sterilization can be executed 
completely. 
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Abstract of JP 9084803 (A) 

PROBLEM TO BE SOLVED: To obtain a laser 
treatment apparatus enabling selective irradiation by 
arbitrarily changing the shape of the mask set to an 
irradiation optical system on the basis of the 
modified image of the image of the lesion part on the 
imaged surface of the body or body cavity. 
SOLUTION: The laser beam emitted from a laser 
oscillator 10 is expanded by a beam expander to be 
collimated by a collimate lens 1 6 to reach the 
surface of a lesion part 22 by an irradiation optical 
system 32. The laser beam transmitted through the 
shape changeable mask 18 arranged to the 
irradiation optical system 31 is condensed to the 
surface of the lesion part 22 by a condensing lens 
20 to perform laser treatment matched with the 
shape of the mask 1 8. At this time, the reflected 
beam from the surface of the lesion part 22 is taken 
out of the irradiation optical system 32 by a half 
mirror 24 to be guided to a television camera 26. 
Herein, the shape of the shape changeable mask 1 8 
is altered and the adjustment of a light cut-off region 
is performed to control the laser treatment shape on 
the surface of the lesion part 22. 
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(57) Abstract 

This invention is a method, and apparatus for selectively photo-bleaching or killing pigmented tissues by photochemically converting 
pigments in the tissues using light (82), and specifically two photon excitation. Photo-toxic products thereby produced then kill pigmented 
cells. Hyperthermia or an exogenous agent can also be added to augment efficacy. The present invention is also directed to selective 
thermal destruction of pigmented tissues using related optical means. 
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USING OPTICAL ENERGY 
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BACKGROUND OF THE INVENTION 

This is a continuation-in-part of U.S. Patent Application No. 08/739,801, filed on 
October 30, 1996, entitled "Method for Improved Selectivity In Photoactivation of 
Molecular Agents". 

The present invention is directed to a method and apparatus for treating pigmented 
tissues by selective photoactivation of pigments in such tissues using optical energy and 
more specifically two-photon excitation. This selective photoactivation may be used to 
effect photobleaching of such pigments or to effect photochemical conversion of such 
pigments into phototoxic products. Photobleaching reduces or eliminates undesirable 
pigmentation, for example that caused by pigments present in moles, freckles, hair follicles 
and tattoos. Photochemical conversion produces phototoxic products that destroy 
pigmented tissues, such as those pigmented tissues in pigmented tumors. The present 
invention is also directed to selective thermal destruction of pigmented tissues using 
related optical means 

Photobleaching is the transient or permanent reduction of pigmentation in 
pigmented tissues upon optical illumination, typically occurring during intense illumination 
with visible or ultraviolet light. Photobleaching occurs when photoactive pigments are 
photochemically transformed from a highly colored state to a less highly colored state (de- 
pigmentation). For example, photobleaching may be used to reduce or eliminate 
undesirable pigmentation present in moles and hair follicles or to destroy dyes present in 
tattoos. It is desired that treated tissues will exhibit localized de-pigmentation without 
side effects, such as irritation or cell necrosis. However, previous methods for 
photobleaching tissues using visible or ultraviolet light have produced undesirable 
collateral effects, including irritation of surrounding tissues and possible scarring at the 
treatment site. 

In contrast to photobleaching, photochemical conversion of pigments into 
phototoxic products involves stimulation of localized cell necrosis in treated tissues. This 
is also effected by optical illumination, typically occurring when intense visible or 
ultraviolet light is used to illuminated susceptible pigmented tissues. Such localized 
necrosis may be useful for selective destruction of diseased tissues, such as those present 
in tumors or benign skin lesions. 

More specifically, an important subset of pigmented tissues are pigmented tumors, 
such as melanomas, which are life threatening and highly difficult to treat. While 
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melanomas can be treated if detected early using standard surgical, radiation or 
chemotherapeutic methods, these methods still do not have acceptable levels of 
effectiveness and produce high levels of collateral damage to normal tissue. Hence, even 
if detected relatively early, the prognosis is usually poor. 

Further, if a melanoma has metastasized beyond the primary tumor site, less than 
20% of patients will survive beyond five years. For such melanomas, there are no 
effective therapies. Patients diagnosed with such a metastatic melanoma will survive on 
average only 3-6 months after the diagnosis even with therapeutic intervention. 

Further exacerbating the difficulties in treating melanomas is the fact that the 
incidence of melanoma in Caucasians is increasing at a rate of 6% per year. This is 
currently the second fastest rate of increase in cancer occurrences — second only to 
tobacco related cancers of the lung in women. Currently, the lifetime risk of melanoma 
in the U.S. is 1 in 75. Accordingly, new effective therapeutic modalities are required to 
treat both primary and metastatic pigmented tumors such as melanomas. 

One possible approach for treating pigmented tissues involves the use of melanins, 
their precursors, and other endogenous or exogenous pigments. 

More specifically, there are several pigments in humans that are collectively known 
as melanins. The function of melanins are to protect tissues from the deleterious effects 
of electromagnetic radiation (e.g. light). However, melanins and their precursors can also 
be converted to phototoxic products. For example, a melanin precursor (5-SCD) has been 
shown to photobind to DNA after exposure to 300 nm (ultraviolet light) illumination. 
Further, 5-SCD has been shown to be chemically unstable in the presence of ultraviolet 
(UV) illumination and oxygen, thereby suggesting that phototoxic products of the (1) 
Type I variety (phototoxic) or the (2) Type II variety (photocatalytic) may be produced. 

Additionally, many melanoma cells are amelanotic. These cells produce melanin 
precursors but only small quantities of melanin. Phototoxic damage (induction of single 
strand breaks) to DNA by at least two precursors to melanin (5-SCD and DIHCA) has 
been demonstrated upon exposure to UV light. Amelanotic cells will be killed by 
photodynamic therapy (PDT) performed on such precursors to melanin (e.g., 5-SCD, 
DIHEA). Thus, melanomas can be killed by delivering energy via light 

However, utilization of such phototoxic reactions by illumination of melanin, 
melanin precursors, or other endogenous pigments has not previously been possible. The 
UV/Near UV light required for photoactivation is unable to penetrate into normal or 
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cancerous skin (i.e. beyond 2-3 mm.) More specifically, the poor penetration of such light 
has produced little effect on patients whose skin tumors are larger than or at a depth 
greater than 3 mm. As a result, only 40-50% of patients whose tumors exceed 3 mm will 
survive. Accordingly, the survival rate of melanoma patients with tumors whose depth 
is less than 1 mm is drastically better than those who have tumors which are either located 
at a depth of greater than 3 mm or extend to a depth greater than 3 mm. 

Previous photodynamic methods using UV/Near UV light also produced 
undesirable collateral effects that not only prohibited the photoconversion of melanin and 
prevented it from killing pigmented tissues but also was potentially dangerous to the 
patient. For example, UV light can create thymidine dimers which damage genetic 
material. DNA damage is a major and possibly the sole cause of skin cancers like 
melanomas. Melanin's absorbance of UV light is designed to prevent this from happening. 
However, UV light, chemotherapy, and ionizing radiation have recently been shown to 
increase the virulence of tumor cells. As a result, tumor cells when treated with UV light 
will have a greater mutation and error rate because the UV light can inactivate 
mechanisms designed to identify and correct genetic errors (in addition to creating new 
errors). Therefore, prior techniques were not only unable to effectively kill pigmented 
tissues by accessing endogenous pigments but also created side effects that could be lethal. 

In many instances, the effectiveness of various photodynamic processes have been 
found to be markedly increased by simultaneous photoactivation and localized heating 
(hyperthermia). Typically, by heating the treatment zone 2-1 0°C above normal 
temperatures, the effectiveness of PDT is increased many fold. Such heating alone, 
however, has not been shown to produce a significant therapeutic effect. In contrast, the 
inventors of the present invention have conceived that more acute localized heating (i.e., 
> 2-10°C temperature rise) of tissues and tissue components within the treatment zone 
may produce a therapeutic effect by causing thermal overload in the treated tissues. 

Therefore, it is an object of the present invention to provide a method for 
accessing endogenous pigments in pigmented tissues so as to be able to selectively 
photobleach said pigments. 

It is another object of the present invention to provide a method for accessing 
endogenous pigments in pigmented tissues so as to be able to photochemically convert 
said pigments into phototoxic products. 



WO 00/07514 PCT/US99/17176 

5 

It is another object of the present invention to provide a method that will access 
said endogenous pigments in pigmented tissues without accessing endogenous pigments 
in healthy tissues surrounding said pigmented tissues. 

It is another object of the present invention to provide a method that will augment 
the effectiveness of said photochemical conversion of said endogenous pigments in said 
pigmented tissues through the localized application of hyperthermia in said pigmented 
tissues. 

It is another object of the present invention to provide a method that will 
photothermally destroy pigmented tissues without harming healthy tissues surrounding 
said pigmented tissues. 



SUMMARY OF THE INVENTION 

The present invention is directed to a method and apparatus for treatment of a 
particular volume of tissue or material containing an endogenous pigment. In general, 
typically, the present invention uses the unique properties of simultaneous two-photon 
excitation with endogenous pigment in a particular volume of tissue, such as a tumor, to 
selectively photoactivate the pigment. 

This photoactivated pigment may thereby be photobleached or photochemically 
converted into a phototoxic product. Such photoactivation results from the simultaneous 
two-photon excitation of the pigment. Preferably, the photons responsible for 
photoactivation are provided by a laser which produces a beam of light comprising a train 
of one or more ultrashort pulses. This beam of light can be a focused beam of light if the 
location and extent of the particular volume of tissue to be treated is precisely known. 
The focused beam of light can then be scanned throughout the volume of the tissue to 
treat the entirety of the pigmented tissue. Alternatively, where the location and extent of 
the pigmented tissue in a volume of tissue is not precisely known, a non-focused light 
beam can be used. 

In an alternative embodiment, an exogenous photodynamic agent can be added to 
the particular volume of tissue. The exogenous agent can be photoactivated by the 
simultaneous two-photon excitation. Activation of the exogenous photodynamic agent 
augments the effectiveness of the endogenous pigment. 
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In a further alternate embodiment of the invention, the effectiveness of such 
photoactivation is augmented through the localized application of hyperthermia in the 
pigmented tissues. 

In an additional further alternative embodiment of the invention, the particular 
5 volume of tissue is treated with light to promote thermal overload of the pigmented 

tissues. Thermal overload heats and kills the pigmented tissues. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In describing the preferred embodiments, reference is made to the accompanying 
drawings: 

FIGURE 1 illustrates an example energy level diagram for simultaneous two- 
photon excitation; 

FIGURE 2 illustrates an example of absorption and scattering properties for 
animal tissue covering the ultraviolet to infrared spectral region; 

FIGURE 3 shows the general trends in optical absorption properties of animal 
tissue for short wavelength and long wavelength light; 

FIGURE 4 illustrates a comparison of optical activation in tissue when single- 
photon and two-photon excitation methods are used; 

FIGURE 5 illustrates an embodiment of the present invention for selective two- 
photon photoactivation of melanin, melanin-precursors or endogenous pigments using 
focused light; 

FIGURE 6 illustrates an another embodiment for selective two-photon 
photoactivation of melanin, melanin-precursors, or endogenous pigments using focused 
light; 

FIGURE 7 illustrates a further embodiment for selective two-photon 
photoactivation of melanin, melanin-precursors, or endogenous pigments using non- 
focused light; 

FIGURE 8 illustrate still another embodiment for selective two-photon 
photoactivation of melanin, melanin-precursors, or endogenous pigments in a subsurface 
tissue using non-focused light; 

FIGURE 9 illustrates an alternate embodiment for the present invention wherein 
a focused light beam is used to thermally overload and kill pigmented tumor cells; and 

FIGURE 10 illustrates another alternate embodiment for the present invention 
wherein a non-focused light beam is used to thermally overload and kill pigmented tumor 
cells. 

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED 
EMBODIMENT 

The present invention is directed to a method and apparatus for treating pigmented 
tissues using light. Such treatment includes the following photochemical outcomes of 
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therapeutic value: (1) the elimination of undesirable pigmentation in pigmented tissues 
through photobleaching; and (2) the permanent destruction of pigmented tissues through 
photochemical conversion of pigments into phototoxic products. More specifically, 
simultaneous two-photon excitation is used to photochemically convert endogenous or 
exogenous pigments into desired photoactive products, resulting in the desired 
photobleaching or tissue destruction. Photobleaching is used to reduce or eliminate 
undesirable coloration of tissue, such as that in moles, freckles, hair follicles and tattoos. 
The production of phototoxic products may be used to preferentially kill pigmented tumor 
cells or other undesirable tissues while sparing normal cells. Significantly, the methods 
and apparatus in the present invention used for photobleaching and production of 
phototoxic products utilize equivalent photoacti vation mechanisms, differing substantially 
only in the intended treatment target. 

In the preferred embodiment, the present invention uses simultaneous two-photon 
excitation to photoactivate pigments in the pigmented tissues, yielding photobleached or 
phototoxic products. 

In an alternate preferred embodiment, the present invention uses related optical 
means to selectively destroy pigmented tissues via photothermal means. 

Simultaneous Two Photon Excitation 

"Simultaneous two-photon excitation" is the non-linear optical excitation occurring 
as a result of the essentially simultaneous interaction of two photons originating from a 
single ultrashort laser pulse with one or more agents or pigments to produce one or more 
photoactivated agents or pigments. "Non-linear optical excitation" means those excitation 
processes involving the essentially simultaneous interaction of two photons with one or 
more agents or pigments. "Essentially simultaneous interaction" means those excitation 
processes occurring as a result of the interaction of one or more agents or pigments with 
photons provided by a single ultrashort laser pulse. Ultrashort means less than 
approximately 10 ns. 

As shown in Figure 1, simultaneous two-photon excitation to an allowed energy 
level 10 occurs when a photoactive agent is excited from a first allowed electronic energy 
level 16 upon absorption of a certain energy E l that is provided by the simultaneous, 
combined interaction of two photons 12 and 14 with the agent. If the energies of both 
photons 12 and 14 are identical, the excitation process is termed "degenerate". The 
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simultaneous interaction of the two photons is frequently described as being mediated by 
a transient virtual state 20 with a lifetime on the order of 1 0 femtoseconds (fs) or less. If 
both photons do not interact with the agent during this lifetime, excitation does not occur 
and the agent fails to reach the excited state S n (18). Typically, intersystem crossing, IX, 
subsequently occurs to bring the excited agent to a long-lived activated state T m from 
which a photochemical reaction R can occur. 

Simultaneous two-photon excitation may thereby be used to excite processes that 
normally occur upon absorption of a single UV or visible photon through the simultaneous 
absorption of two near-infrared photons. 

An example of the simultaneous two-photon excitation process is the promotion 
of melanin precursors from a ground electronic state to an excited electronic state through 
the simultaneous absorption of two photons at 600 nm, followed by binding of the excited 
melanin precursor to DNA (this is conventionally excited using a single photon at 300 
nm). 

In this example, the probability of excitation is related to the product of the instantaneous 
or peak powers of the first of two photons 12 and the second of two photons 14. This 
can be conceptualized in the form of a photochemical reaction, 

Molecule GROUND STATE + 2 hv 600 ^ - Molecule EXCITED state ( 1 ) 

which shows that a molecule in the ground state is promoted to an excited state following 
simultaneous absorption of two photons at 600 nm, hv 600nm . The reaction rate R, is given 
by R = k [Molecule GROUND state] [hv 6 oo nm] 2 . where k is a rate constant and where 
[Molecule GROUNDSTATE ] and [hv 600nm ] symbolize concentrations of ground state molecules 
and excitation photons, respectively. Hence, due to the well known quadratic dependence 
on instantaneous photon irradiance, simultaneous two-photon excitation to an allowed 
energy level 10 is also referred to as a non-linear excitation process. 

A more detailed explanation of simultaneous two-photon excitation and other non- 
linear and linear processes is described in U.S. patent application no. 08/739,801 filed 
October 30, 1 996 for "Method For Improved Selectivity In Photoactivation Of Molecular 
Agents" assigned to the same assignee of the present application and which is 
incorporated herein by reference. 
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Significance of absorbance and scattering properties in single-photon and simultaneous 
two-photon processes : 

While the cross-section for simultaneous two-photon excitation may be 
considerably lower than that observed with single-photon excitation, use of the 
simultaneous two-photon excitation in the present invention may be favorable over single- 
photon excitation under many conditions because of lower matrix absorption and optical 
scattering of longer wavelength optical radiation. For example, FIGURE 2 shows the 
absorption and scattering properties for various components of animal tissue, such as 
human dermis, covering the ultraviolet (UV) to near infrared (NIR) spectral region. 

Specifically, FIGURE 2 demonstrates how higher-energy photons 32 may 
experience considerably greater tissue absorption than lower-energy photons 34. For 
example, human skin strongly absorbs higher-energy photons 32 at 400 nm, but is 
relatively transparent to lower-energy photons 34 at 800 nm. This is a consequence of the 
natural absorbance of higher-energy photons 32 by blood, pigments, proteins, and genetic 
materials, among other natural components, of skin. 

FIGURE 2 further demonstrates how higher-energy photons 42 may experience 
considerably greater tissue scatter than lower-energy photons 44. Any optically dense 
medium, such as human skin, will strongly scatter higher-energy photons 42, for example 
at 400 nm, but will exhibit much lower scatter for lower-energy photons 44 at 800 nm. 

These differences in optical properties have two important consequences. First, 
absorption of short- wavelength, higher-energy photons 32 by tissue can result in 
undesirable tissue damage upon exposure to UV or other high-energy light. In contrast, 
negligible effects may be experienced upon illumination with lower-energy photons 34, 
such as NIR light, even when the optical power of the NIR light is many-fold higher than 
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that of the UV light. Secondly, the inherently high absorption and scatter of higher-energy 
photons 32 by tissue can result in very shallow tissue penetration depths, while lower- 
energy photons 34 generally have much greater penetration depths. 

These important differences in absorption and penetration depth properties for 
higher-energy and lower-energy light are shown schematically in FIGURE 3. When UV 
light 50, for example light at 400 nm, impinges on human tissue 52, the majority of the 
optical energy is immediately absorbed and scattered in the outermost layers 54, such as 
the epidermis and dermis. Absorption may occur due to excitation of certain molecules 
in the cells of these outermost layers 54, such as those composing the genetic material in 
the cellular nucleus. This absorption of higher-energy light by cellular constituents can 
thereby initiate a variety of collateral photochemical changes 56 in these cells. These 
collateral photochemical changes 56 resulting from absorption of UV light 50 can include 
irreversible genetic damage and induction of cancer. 

In contrast, NIR light 58, for example at 800 nm, will not be appreciably absorbed 
or scattered by tissue 52 or its outermost layers 54. The overall depth of penetration will 
be much greater, and the extent of collateral damage to cells will be substantially lower. 
Hence, if long- wavelength excitation light is used to replace the higher-energy light used 
for conventional single-photon excitation, it is possible to photoactivate specific molecules 
or pigments using relatively non-damaging, high penetration depth, simultaneous two- 
photon excitation. 

Furthermore, the properties of simultaneous two-photon excitation have additional 
implications when coupled with the inherent non-damaging nature and low absorption of 
NIR light. For example, FIGURE 4 compares the extent of optically-induced damage in 
tissue when single-photon excitation 60 and simultaneous two-photon NIR excitation 62 
methods are used to illuminate a subcutaneous tumor 64. 
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Single-photon excitation 60 produces a photoactivation zone 66 that extends 
substantially along the entire optical path and has no significant biospecificity. Hence, in 
addition to induction of the desired photoactivation in the tumor 64, collateral damage can 
occur throughout surrounding tissues, such as the dermis 68 and surrounding healthy 
tissue 70. If the single-photon excitation 60 is focussed, the photoactivation zone 66 will 
be slightly enhanced at the focus 72. This photoactivation zone 66, however, might not 
even extend into the tumor 64 if the UV or visible light is absorbed by the epidermis, 
dermis 68 or surrounding healthy tissue 70 prior to reaching the tumor 64. This can occur 
as a consequence of the inherently high absorptivity of tissue at short wavelengths. 

In contrast, use of NIR light for simultaneous two-photon excitation 62 produces 
a sharply defined remote photoactivation zone 74 that is spatially localized at the focus 
76 as a consequence of the non-linear properties of this excitation method. Such 
localization of activation in such a focal zone is a unique property of non-linear excitation 
processes, such as two-photon excitation. Furthermore, because tissue does not 
appreciably absorb NIR light, collateral damage to the surrounding dermis 68 and healthy 
tissue 70 is minimized. 

Therapeutic applications of simultaneous two-photon excitation : 

The foregoing discussion suggests that the fundamental differences in the 
absorption of UV and NIR light by tissue and cellular constituents, coupled with the 
special non-linear properties of simultaneous two-photon excitation, have direct 
applicability for improvements in various medical treatments, specifically in the 
modification or elimination of pigmented tissues. 
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Such simultaneous two-photon excitation enables improved localization in the 
photoactivation of photoactive agents with significantly reduced potential for collateral 
tissue damage compared with that possible using conventional methods. 

Where control of penetration is not critical, non-focussed NIR light may be used 
to stimulate simultaneous two-photon photoactivation of agents present in a relatively 
large illuminated area. In such a case, the extent of agent photoactivation is controlled 
by varying the location, intensity and duration of exposure of such agents to the NIR 
beam. 

Where precise control of penetration depth or volume extent of therapeutic 
application is more critical, focussed NIR light may be used to stimulate the simultaneous 
two-photon photoactivation process. In such a case, beam irradiance, exposure duration, 
and degree of focussing are used to control the extent of agent photoactivation. 

In both cases, high-irradiance NIR light may be used to achieve maximum efficacy. 
Furthermore, the high penetration depths achievable with NIR light combined with the 
inherent localization of photoactivation that is possible with focused simultaneous two- 
photon excitation provide a means for photoactivating agents in subsurface tissues without 
damaging overlying or underlying healthy tissues. 

Simultaneous Two-Photon Treatment with Endogenous Pigments 

The method of the present invention improves on the above-described advantages 
through the use of simultaneous two-photon excitation to produce a therapeutic outcome 
based on photoactivation of endogenous pigments in order to treat pigmented tissues. 
"Endogenous" means pre-existing in a patient or target. "Pigments" means naturally 
occurring agents that absorb optical energy. Examples of such pigments include melanin, 
melanin precursors, carotenes, porphyrins (such as hemoglobin), various tattoo dyes and 
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other optically active species. "Therapeutic outcome" means photobleaching or 
photodynamic destruction of treated pigmented tissues resulting, from the natural 
biological action of a photoactivated endogenous pigment. "Photobleaching" is the 
reduction or elimination of undesirable pigmentation, for example that caused by 
endogenous pigments present in moles, freckles, hair follicles and tattoos. "Photodynamic 
destruction" is localized tissue necrosis resulting from photochemical production of 
phototoxic products that destroy pigmented tissues, such as those pigmented tissues in 
pigmented tumors. Tissues suitable for treatment include pigmented tissues in which a 
specific therapeutic outcome is desired, such as moles, freckles, pigmented tumors, benign 
lesions, hair follicles and tattoos. 

In a further embodiment of the present invention, a precursor to the endogenous 
pigments may be used. Examples of such precursors to pigments include 5-S- 
cysteinyldopa (5-SCD) and 5,6-dihydroxyindole (DHI), dopa, dopa semiquinone, 
leucodopachrome, dopachrome, eumalanins, pheomelanins, sepia melanins, and 5,6- 
dihydroxyindole-2-carboxylic acid. Such precursors have both photoprotective and 
phototoxic abilities. A metabolic precursor to melanin is a biochemical (e.g. 5-SCD, DHI) 
that is produced by the cell as part of the synthetic pathway that produces melanin. 
Melanin precursors, when activated by light, can generate photoxic products that damage 
cellular materials (e.g., DN A) killing the target cells. Melanin precursors can be activated 
by two-photon excitation, as explained supra. 

As also explained supra, melanin, melanin precursors, and other endogenous 
pigments are naturally occurring in human tissue, including in tumors. Such melanins, 
melanin precursors, or other endogenous pigments can be converted to phototoxic 
products after exposure to light. 
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The present invention uses the above-described simultaneous two-photon 
excitation to specifically target melanin, melanin precursors, or other endogenous 
pigments in pigmented tissues (such as melanomas and other tumors). The pigment is 
converted to a phototoxic product by NIR light upon simultaneous two-photon excitation. 
The phototoxic product then causes damage to the pigmented tissues (by for example 
photobinding to cellular DNA or causing breaks in this DNA). This kills the cells in the 
pigmented tissues and, therefore, destroys it. Because simultaneous two-photon 
excitation is used to specifically target the melanin, melanin precursors, or other 
endogenous pigments only in the targeted tissue, any melanin, melanin precursors, or 
other endogenous pigments in the tissue surrounding the targeted tissue are not converted 
to phototoxic products. 

More specifically, use of simultaneous two-photon excitation produces a sharply 
defined focal zone that is substantially localized in depth and cross-section. This focal 
zone can be localized to the targeted tissue (such as a tumor) to be killed or a small zone 
within or surrounding this tissue. As a result, photoactivation will only occur in the focal 
zone (i.e. in the tumor). Hence, any melanin, melanin precursors, or other endogenous 
pigment not in the targeted tissue, such as for example, in tissue surrounding a tumor, will 
not be photoactivated because it is outside the focal zone. 

Additionally, as explained supra, the simultaneous two-photon excitation is able 
to penetrate deep into normal or cancerous tissue and photoactivate melanin or other 
endogenous pigments located deep within the tissue. As a result, tumors located deep 
within the body or large, deep tumors can be reached and destroyed. Destruction of these 
tumors can be done without activating melanin or other endogenous pigments along the 
path of the light or surrounding the tumor. 
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In addition to photodynamic destruction of pigmented tissues, such as those in 
pigmented tumors, the above-described unique features of simultaneous two-photon 
excitation may be used to achieve improved safety and specificity in the photobleaching 
of pigmented tissues, such as in moles, freckles, hair follicles and tattoos. The pigments 
present in such tissues can be activated by simultaneous two-photon activation, as 
explained supra, and upon activation may become photobleached. Thus, the present 
invention also uses simultaneous two-photon excitation to specifically target endogenous 
pigments in such pigmented tissues, thereby causing photobleaching and a desired 
reduction or elimination of apparent pigmentation. 

It is a specific preferred embodiment of the present invention to employ the output 
of aNIR source, such as the mode-locked titanium: sapphire laser, to induce simultaneous 
two-photon photoactivation so as to photoactivate melanin, melanin precursors, or other 
endogenous pigments using light at a wavelength approximately twice that necessary for 
such conversion using conventional single-photon photoactivation. As explained supra, 
such NIR light exhibits improved penetration into tissue relative to that used for 
conventional single-photon photoactivation, and is less likely to produce collateral damage 
in tissues adjacent to the desired treatment target. 

For the sake of simplicity and clarity, the following descriptions of preferred 
embodiments will focus on photodynamic destruction of pigmented tumor tissues, such 
as those in melanomas. However, it is important to note that the methods and apparatus 
described are equally applicable to the photobleaching of pigmented tissues, such as moles 
or tattoos, differing substantially only in the intended treatment target. In both classes of 
treatment, it is the photoactivation of the pigment that is fundamentally responsible for the 
desired therapeutic outcome. 
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Accordingly, a preferred embodiment is shown in FIGURE 5. The source 80 
produces a beam of light 82 consisting of a rapid series of high peak power pulses of NIR 
light. For example, standard commercially available mode-locked titanium-sapphire lasers 
are capable of outputting mode-locked pulses with durations <200 fs and pulse energies 
of about 1-20 nJ at pulse repetition frequencies in excess of 75 MHz. This source 
produces a quasi-continuous beam of light having a relatively low average power (up to 
several Watts) but high peak power (on the order of 1 00 kW) that is continuously tunable 
over a NIR wavelength band from approximately 690- 1 080 nm. The pulse train from the 
source 80 constitutes a beam of light 82 that is easily focussed using standard optical 
means, such as reflective or refractive optics 84. The focused beam 86 can then be 
directed into a tumor 88 or other localized treatment target. 

Simultaneous two-photon photoactivation of the melanin, melanin precursors, or 
other endogenous pigments will be substantially limited to the focal zone 90 of the focused 
light beam 86 due to the high instantaneous irradiance level that is only present at the 
focus. Furthermore, regardless of whether melanin, melanin precursors, or another 
endogenous pigment is present in surrounding healthy tissue 92 or skin 94, insignificant 
collateral photoactivation, photodamage or conversion into a phototoxic product will 
occur outside the focal zone 90. This is a consequence of the non-linear relationship 
between instantaneous optical power and simultaneous two-photon excitation, which 
limits significant excitation to the focal zone 90. Even if melanin, melanin precursors, or 
another endogenous pigment is present outside of the focal zone 90, excitation intensities 
are below that necessary to produce significant photoactivation. 

The apparatus of the present invention can also include, for example, a focusing 
apparatus for focusing the light throughout a range of focal lengths extending from a 
surface of the tissue to a depth substantially beyond the surface. The source of light and 
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focusing apparatus cooperate to promote simultaneous two-photon excitation of the 
pigment at controllable locations throughout the volume of tissue. 

By scanning the location of the focus of the beam 86 throughout the volume of the 
tumor 88, complete photoactivation of the melanin, melanin precursors, or other 
endogenous pigments into a phototoxic product throughout the tumor 88 can be effected. 
This scanning action can be produced by changing the position of the focus 86 relative to 
the tumor 88, or by moving the tumor 88 relative to a stationary focus 86 location. The 
quality of the focal region 90 of the focused light beam 86 may be improved by pre- 
expanding the light beam 82, using a beam expander or other device, prior to focusing 
using standard optical means. 

This scanning can be done, for example, by positioning a focus of a beam of light 
over a range of positions so that a focal plane of the light beam occurs at a site located 
between a surface of the tissue and a point substantially beyond the tissue surface. As a 
result, treating the particular volume of tissue may extend to penetrate deep within the 
tissue. This scanning can further include varying, while the beam of light is extant, the 
radial position of the focal plane within the tissue, thereby to photoactivate the 
endogenous pigment at a multiplicity of positions between the tissue surface and a position 
located substantially beyond the tissue surface. 

The simultaneous two-photon photoactivation embodiment of the present 
invention has several variations for the treatment of topical tissues, as shown in FIGURE 
6 and in FIGURE 7. For example, the non-damaging nature of focused NIR light, shown 
in FIGURE 6, or of non-focused NIR light, shown in FIGURE 7, allows photoactivation 
of melanin or other endogenous pigments at topical locations without risk to underlying 
or surrounding tissues. 
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Focused simultaneous two-photon photoactivation of melanin or other 
endogenous pigments for topical therapy, as shown in FIGURE 6, is effected when a beam 
of light 82 from a source 80 is focused 86 onto a tumor 88 or other localized treatment 
target using standard optical means, such as reflective or refractive optics 84. In this 
manner, photoactivation of the melanin, melanin precursors, or other endogenous 
pigments into a phototoxic product occurs only at the focal zone 90. The surrounding 
healthy tissue 92 and skin 94 are unaffected in this process, even if they also contain 
melanin, melanin precursors, or another endogenous pigment, since photoactivation is 
substantially limited to the focal zone 90. As described previously, a scanning action can 
be used to effect photoactivation of the melanin, melanin precursor, or other endogenous 
pigment into a phototoxic product throughout the volume of the tumor 88. 

Non-focused simultaneous two-photon photoactivation of melanin, melanin 
precursors, or other endogenous pigments for topical therapy, as shown in FIGURE 7, 
is effected when a non-focused or expanded beam of light 96 from a source 80 is directed 
onto a topical tumor 88 or other localized treatment target. This beam of light 96 may 
have a cross sectional area smaller than, equal to, or larger than that of the tumor 88. 
Since melanin, melanin precursors, or other endogenous pigments are present in 
substantially higher levels in the tumor 88, the therapeutic action will be substantially 
limited to the volume of the tumor 88. Since the b earn of light 96 is non-damaging to 
tissues that do not contain a significant concentration of pigment, damage to surrounding 
healthy tissue 92 and skin 94 is avoided. This embodiment may be particularly useful 
when the exact location, size and shape of the tumor 88 are not known, or when it is 
otherwise undesirable to carefully control the location of application of the beam of light 
96, since careful control of the location of the beam of light 96 is not critical for successful 
administration of this therapeutic regime. When non-focused light is used, employment 
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of extremely high peak power excitation sources, such as Q-switched lasers or 
regeneratively amplified mode-locked lasers, may be beneficial due to their exceptionally 
high peak radiant power (which is in the GW range) that will thereby afford a high 
instantaneous irradiance over a large area. 

A final related variation of this preferred embodiment for simultaneous two-photon 
photoactivation is shown in FIGURE 8, where a non-focused or expanded beam of light 
96 from a source 80 is directed onto a tumor 88 or other localized treatment target 
located below the skin's surface. This beam of light 96 may have a cross sectional area 
smaller than, equal to, or larger than that of the tumor 88. Since melanin, melanin 
precursors, or other endogenous pigments are present in substantially higher levels in a 
tumor 88, the therapeutic action will be substantially limited to the volume of the tumor 
88. Since the beam of light 96 is non-damaging to tissues that do not contain a significant 
concentration of pigment, damage to surrounding healthy tissue 92 and skin 94 is avoided. 
This embodiment may also be particularly useful when the exact location, size and shape 
of the tumor 88 are not known, or when it is otherwise undesirable to carefully control the 
location of application of the beam of light 96, since careful control of the location of the 
beam of light 96 is not critical for successful administration of this therapeutic regime. As 
in the previous non-focused embodiment, employment of extremely high peak power 
excitation sources may be beneficial due to their exceptionally high peak radiant power 
and potential high instantaneous irradiance over a large area. 

Preferably, the simultaneous two-photon excitation will be produced by an 
ultrashort pulsed NIR laser light having a wavelength of from approximately 450 nm to 
1400 nm with a pulse width of from approximately 25 fs to 10 ns and a greater than 
approximately 1 kHz pulse repetition frequency. Such laser light can be produced by a 
mode-locked titanium: sapphire laser or related laser sources. 
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The extent and duration of excitation affected with such sources will be controlled 
by varying the location, irradiance and duration of application of the light. 

The effectiveness of the therapeutic outcome may be markedly increased by 
simultaneous photoactivation and localized heating (hyperthermia) of the treatment site. 
Such heating occurs as a secondary effect of illumination with laser light, and may also be 
controlled by varying the location, irradiance and duration of application of the light, so 
as to yield heating in the treatment zone of 2-10°C above normal temperatures. For 
example, application of light at intensities of 150-3000 mW/cm 2 may be used to produce 
such desirable hyperthermia. Alternately, secondary thermal sources, such as infrared 
lamps or warm fluid baths, may be used to effect such desirable hyperthermia at the 
treatment site. 

While the foregoing disclosure has primarily focused on example therapeutic 
applications using two-photon excitation of agents with ultrashort pulsed NIR light 
produced by mode-locked titanium: sapphire lasers, the present invention is not limited to 
such excitation nor to such narrowly defined optical sources In fact, aspects of the 
present invention are applicable when optical excitation is effected using linear or other 
non-linear methods. For example, various other optical sources are applicable, alone or 
in combination, such as continuous wave and pulsed lamps, diode light sources, 
semiconductor lasers; other types of gas, dye, and solid-state continuous, pulsed, or 
mode-locked lasers, including: argon ion lasers; krypton ion lasers; helium-neon lasers; 
helium-cadmium lasers; ruby lasers; Nd: YAG, Nd: YLF, Nd: YAP, Nd: YV04, Nd:Glass, 
andNd.CrGsGG lasers; CnLiSF lasers; Er: YAG lasers; F-center lasers; Ho: YAG and 
Ho: YLF lasers, copper vapor lasers; nitrogen lasers; optical parametric oscillators, 
amplifiers and generators; regeneratively amplified lasers; chirped-pulse amplified lasers; 
and sunlight. 
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In an alternative embodiment, an exogenous photodynamic agent can be added to 
the patient to be activated in conjunction with the endogenous pigments. "Exogenous" 
agents are photoactive materials not pre-existent in a patient or other target which are for 
example administered for the purpose of increasing efficiency of conversion of optical 
energy into a therapeutic process. Examples of such exogenous agents include Rose 
Bengal, psoralen derivatives, indocyanine, Lutex, Sn(ET 2 ) and various porphyrin 
derivatives, including porfimer sodium and benzoporphyrin derivative. Preferably, the 
targeted tissue is pretreated with the exogenous agent so that it retains a therapeutic 
concentration of the agent when the tissue is treated with light so as to promote 
simultaneous two-photon activation of the agent. Alternatively, the agent can be added 
at other times during the process. Upon administration and accumulation in targeted 
tissue, such agents can be used to efficiently interact with NIR light so as to kill tissue by 
Type I or Type II PDT mechanisms. Such killing can be used to augment or supplement 
killing of pigmented tissues using endogenous photoactive agents as described supra. 

Another alternate embodiment of the present invention is directed to the thermal 
destruction of melanomas and other pigmented lesions. 

Melanomas are usually dramatically darker than surrounding healthy tissue. The 
dark color associated with melanomas is caused by increased production of melanin by 
tumor cells. Melanin is a strong absorber of ultraviolet (UV) and visible light, and 
normally protects cells from the deleterious effects of solar UV radiation. For example, 
FIGURE 2 shows that melanin is highly absorptive at wavelengths shorter than 
approximately 1 000 nm. In contrast, hemoglobin has minimal absorbance above 450 nm. 
The high concentration of melanin in most melanoma cells makes them capable of strongly 
and selectively absorbing light at wavelengths longer than 450 nm and shorter than 1000 
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nm. Thus, illumination of melanoma cells with light at such wavelengths will produce 
much more heat in those cells as compared to cells in less pigmented. tissue. 

Currently, laser illumination is used in cosmetic applications to remove unwanted 
hair. Laser hair removal is accomplished because there is more pigment in the hair 
follicles than in surrounding tissue. Therefore, when a laser illuminates the pigmented hair 
follicle, it absorbs much more of the light, causing localized heating. The localized 
hyperthermia thereby created in the bulb of the hair follicle kills the hair follicle while 
sparing surrounding tissue (which is not heated to a significant extent by the laser 
illumination). 

The inventors of the present application have discovered a process to kill 
pigmented tumor cells by thermally overloading them whereas the relatively unpigmented 
cells in healthy tissues surrounding the tumor are spared. Figs. 9 and 10 illustrate such an 
alternate embodiment for the present invention wherein a focused light beam 86 (Fig. 9) 
and a non-focused light beam 96 (Fig. 10), respectively, are used to kill pigmented tumor 
cells 98. Such pigmented tumor cells 98 may be located at the surface of tissue 92 to be 
treated, or may be located significantly below the surface. Illumination of pigmented 
tumor cells 98 may be effected using a continuous wave or pulsed laser source operating 
in either of two wavelength bands between approximately 450 and 800 nm and between 
approximately 800 and 1400 nm. 

For wavelengths between 450 and 800 nm, direct linear excitation of melanin is 
used to selectively promote thermal overload of pigmented tumor cells 98. Light in this 
band is preferred when pigmented tumor cells 98 are located at the surface of tissue or at 
depths of approximately 2 mm or less below the surface since such light is not capable of 
penetrating tissue to significantly greater depths. For such excitation, it is preferred that 
illumination be effected via application of one or more short pulses of light having a pulse 
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duration of 10 ns (nanoseconds) or less, and more preferably of 10 ps (picoseconds) or 
less. Use of such short duration pulses reduces thermal loss to surrounding tissues, 
thereby improving efficiency in selective thermal overload of the pigmented tumor cells 
98. It is further preferred that the wavelength of this light be between approximately 600 
and 800 nm to afford improved specificity for excitation of melanin relative to 
hemoglobin. Moreover, it is further preferred that such light be produced by a light 
source such as a mode-locked titanium: sapphire laser, which is readily able to deliver such 
light pulses at such wavelengths. A focused light beam 86 is preferable where the location 
and extent of the lesion is precisely known, since improved control over the extent of the 
treatment zone is thereby possible. By scanning this focused light beam 86 throughout 
the volume of the tumor, it is possible to treat the entirety of the pigmented tumor cells 
98. However, where the location and extent of the lesion is not precisely known, or 
where the lesion is exceptionally large, use of a non-focused light beam 96 is preferred to 
assure that treatment is effected in all of the pigmented tumor cells 98. 

For wavelengths between 800 and 1400 nm, excitation of melanin via linear 
mechanisms and non-linear two-photon mechanisms is used to selectively promote thermal 
overload of pigmented tumor cells 98. Light in this band is preferred when pigmented 
tumor cells 98 are located below the surface of tissue at depths of approximately 2 mm 
or greater since such light is capable of penetrating tissue to such depths. For such 
excitation, it is preferred that illumination be effected via application of one or more short 
pulses of light having a pulse duration of 10 ps or less, and more preferably of 1 ps or less. 
Use of such short duration pulses increases the efficiency of non-linear excitation 
mechanisms while simultaneously reducing thermal loss to surrounding tissues, thereby 
improving efficiency in selective thermal overload of the pigmented tumor cells 98. A 
focused light beam 86 is preferable where the location and extent of the lesion is precisely 
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known, since improved control over the extent of the treatment zone is thereby possible. 
Use of such a focused light beam 86 improves efficiency of non-linear excitation 
mechanisms, allowing relatively low energy light sources 80, such as mode-locked 
titanium: sapphire lasers, to be successfully used. By scanning this focused light beam 86 
throughout the volume of the tumor it is possible to treat the entirety of the pigmented 
tumor cells 98. However, where the location and extent of the lesion is not precisely 
known, or where the lesion is exceptionally large, use of a non-focused light beam 96 is 
preferred to assure that treatment is effected in all of the pigmented tumor cells 98. Under 
such illumination conditions, amplified or other higher energy light sources 80, such as the 
regeneratively amplified mode-locked titanium: sapphire laser, are preferred so as to 
increase illumination intensities to levels sufficient to achieve efficient non-linear 
excitation. 

It will be clear that the methods and apparatus described for this alternate 
embodiment will be equally applicable to the treatment of other pigmented blemishes, such 
as for example moles, port wine stains, freckles, scars, and tattoos, and for the reduction 
or elimination of pigments in hair. 

While the present invention has been illustrated and described as embodied in 
general methods and apparatus for killing pigmented tumors by activation of endogenous 
pigments using optical radiation, it is not intended to be limited to the details shown, since 
it will be understood that various omissions, modifications, substitutions and changes in 
the forms and details of the method illustrated and in its operation can be made by those 
skilled in the art without departing in any way from the spirit of the present invention. 

This description has been offered for illustrative purposes only and is not intended 
to limit the invention of this application, which is defined in the claims below. 
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What is claimed as new and desired to be protected by Letters Patent is set forth 
in the appended claims. 
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We claim: 

Claim 1 . A method for the treatment of a particular volume of tissue, said 

volume of tissue containing an endogenous pigment, the method comprising the steps of: 

treating the particular volume of tissue with light to promote a simultaneous two- 
5 photon photoactivation of said pigment in the particular volume of tissue, wherein the 

pigment becomes photochemically activated in the particular volume of tissue. 

Claim 2 . The method of Claim 1 wherein the light to promote said 

simultaneous two-photon photoactivation is a laser light produced by a laser. 

10 

Claim 3 . The method of Claim 2 wherein the laser light comprises a train of 

one or more ultrashort pulses. 

Claim 4 . The method of Claim 2 including operating the laser to produce light at 
15 a wavelength between approximately 450 nm to 1400 nm. 

Claim 5 . The method of Claim 1 wherein the light to promote said 

simultaneous two-photon photoactivation is a focused beam of light. 

20 Claim 6 . The method of Claim 5 wherein the focused beam of light is focused 

laser light. 

Claim 7. The method of Claim 6 wherein said particular volume of tissue is 
located substantially at the tissue surface. 
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Claim 8 . The method of Claim 6 wherein said particular volume of tissue is 
located substantially below the tissue surface. 

Claim 9 . The method of Claim 1 wherein said step of treating the particular 
volume of tissue includes positioning a focus of a beam of light over a range of positions 
so that a focal plane of the light beam occurs at a site located between a surface of the 
tissue and a point substantially beyond the tissue surface, whereby said step of treating the 
particular volume of tissue may extend to penetrate deep within the tissue. 

Claim 10 . The method of Claim 9 further including varying, while the beam of 
light is extant, the radial position of the focal plane within the tissue, thereby to 
photoactivate the endogenous pigment at a multiplicity of positions between the tissue 
surface and a position located substantially beyond the tissue surface. 

Claim 1 1 . The method of Claim 1 wherein said endogenous pigment becomes 
photoactivated in said particular volume at a controllable position substantially beyond a 
tissue surface. 

Claim 12 . The method of Claim 1 further comprising the step of controlling the 
photoactivation by varying the location, irradiance and duration of said light. 



Claim 13 . The method of Claim 1 wherein the light to promote said simultaneous 
two-photon excitation of the endogenous pigment is a non-focused beam of light. 
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Claim 14. The method of Claim 13 wherein said particular volume of tissue is 
located substantially at the tissue surface. 

Claim 15 . The method of Claim 13 wherein said particular volume of tissue is 
located substantially below the tissue surface. 

Claim 16. The method of Claim 1 wherein said endogenous pigment is selected 
from the group comprising melanin, melanin precursors, carotenes, porphyrins, and 
various tattoo dyes. 

Claim 17. The method of Claim 16 wherein said melanin precursors are selected 
from the group comprising 5-S-cysteinyldopa (5-SCD) and 5,6-dihidroxyindole (DHI), 
dopa, dopa semiquinone, leucodopachrome, dopachrome, eumalanins, pheomelanins, 
sepia melanins, and 5,6-dihydroxyindole-2-carboxylic acid. 

Claim 18 . The method of Claim 16 wherein said porphyrins include hemoglobin. 

Claim 19 . A method for producing a photoactivated product in a particular 
volume of a material, the method comprising treating the particular volume of the material 
with light to promote a simultaneous two-photon excitation of an endogenous pigment 
contained in the particular volume of the material, wherein the pigment becomes a 
photoactivated product in the particular volume of the material. 



Claim 20 . The method of Claim 19 wherein the light to promote said 
simultaneous two-photon photoactivation is a laser light produced by a laser. 
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Claim 21 . The method of Claim 20 wherein the laser light comprises a train 
of one or more ultrashort pulses. 



Claim 22 . The method of Claim 20 including operating the laser to produce light 
5 at a wavelength between approximately 450 nm to 1400 nm. 

Claim 23 . The method of Claim 19 wherein the light to promote said 
simultaneous two-photon photoactivation is a focused beam of light. 

10 Claim 24 . The method of Claim 23 wherein the focused beam of light is focused 

laser light. 

Claim 25. The method of Claim 24 wherein said particular volume of material is 
tissue located substantially at the surface of said material. 

15 

Claim 26 . The method of Claim 24 wherein said particular volume of material is 
tissue located substantially below the surface of said material. 



Claim 27 . The method of Claim 19 wherein said step of treating the particular 
20 volume of material includes positioning a focus of a beam of light over a range of 

positions so that a focal plane of the light beam occurs at a site located between a surface 
of the material and a point substantially beyond the material surface, whereby said step of 
treating the particular volume of material may extend to penetrate deep within the 
material. 
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Claim 28 . The method of Claim 27 further including varying, while the beam of 
light is extant, the radial position of the focal plane within the material, thereby to 
photoactivate the endogenous pigment at a multiplicity of positions between the material 
surface and a position located substantially beyond the material surface. 

5 

Claim 29 . The method of Claim 19 wherein said endogenous pigment 
becomes photoactivated in said particular volume at a controllable position substantially 
beyond a material surface, 

10 Claim 30 . The method of Claim 19 further comprising the step of controlling the 

photoactivation by varying the location, irradiance and duration of said light. 

Claim 31 . The method of Claim 1 9 wherein the light to promote said simultaneous 
two-photon excitation of the endogenous pigment is a non-focused beam of light. 

15 

Claim 32 . The method of Claim 3 1 wherein said particular volume of material is 
located substantially at the surface of said material. 



Claim 33 . The method of Claim 3 1 wherein said particular volume of material is 
20 tissue located substantially below the surface of said material. 



Claim 34. The method of Claim 19 wherein said endogenous pigment is selected 
from the group comprising melanin, melanin precursors, carotenes, porphyrins, and 
various tattoo dyes. 
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Claim 35. The method of Claim 34 wherein said melanin precursors are selected 
from the group comprising 5-S-cysteinyldopa (5-SCD) and 5,6-dihidroxyindole (DHI), 
dopa, dopa semiquinone, leucodopachrome, dopachrome, eumalanins, pheomelanins, 
sepia melanins, and 5,6-dihydroxyindole-2-carboxylic acid. 

Claim 36. The method of Claim 34 wherein said porphyrins include hemoglobin. 

CI aim 37 . A method for treatment of tissue wherein the tissue includes an 
endogenous pigment, the method comprising the steps of: 

directing light to specific regions of interest within the tissue, including regions 
substantially below a tissue surface, said light being selected to penetrate the tissue and 
to promote two-photon excitation substantially only at a focal zone; 

controlling the location of said focal zone over a range of depths within said tissue; 

and 

using two-photon excitation, photoactivating said pigment over said range of 
depths within said tissue, thereby producing a photoactivated product substantially only 
at the focal zone. 

Claim 38 . The method of Claim 37 wherein said directing step includes 
directing a laser light produced by a laser to said regions of interest. 



Claim 39 . The method of Claim 38 wherein the laser light comprises a train 
of one or more ultrashort pulses. 
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Claim 40 . The method of Claim 38 including operating the laser to produce light 
at a wavelength between approximately 450 nm to 1400 nm. 

Claim 41 . The method of Claim 37 wherein the light to promote said two-photon 
photoactivation is a focused beam of light. 

Claim 42 . The method of Claim 41 wherein the focused beam of light is focused 
laser light. 

Claim 43. The method of Claim 42 wherein said regions of interest are located 
substantially at the tissue surface. 

Claim 44 . The method of Claim 42 wherein said regions of interest are located 
substantially below the tissue surface. 

Claim 45. The method of Claim 42 further comprising the step of scanning said 
regions of interest with said focused beam of light to promote two-photon excitation 
throughout said regions of interest. 

Claim 46 . The method of Claim 37 wherein said endogenous pigment 
becomes photoactivated in said focal zone at a controllable position substantially beyond 
a tissue surface. 



Claim 47 . The method of Claim 37 wherein said two-photon photoactivation is 
simultaneous two-photon activation. 
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Claim 48 , The method of Claim 37 further comprising the step of controlling the 
photoactivation by varying the location, irradiance and duration of said light. 

Claim 49 . The method of Claim 37 wherein the light to promote said two-photon 
5 excitation of the photoactive agent is a non-focused beam of light. 

Claim SO . The method of Claim 49 wherein said regions of interest are located 
substantially at the tissue surface. 

10 Claim 5 1 . The method of Claim 49 wherein said regions of interest are located 

substantially below the tissue surface. 

Claim 52. The method of Claim 37 wherein said endogenous pigment is selected 
from the group comprising melanin, melanin precursors, carotenes, porphyrins, and 
15 various tattoo dyes. 

Claim 53. The method of Claim 52 wherein said melanin precursors are selected 
from the group comprising 5-S-cysteinyldopa (5-SCD) and 5,6-dihidroxyindole (DHI), 
dopa, dopa semiquinone, leucodopachrome, dopachrome, eumalanins, pheomelanins, 
20 sepia melanins, and 5,6-dihydroxyindole-2-carboxylic acid. 

Claim 54 . The method of Claim 52 wherein said porphyrins include hemoglobin. 
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Claim 55 . A method for the treatment of a particular volume of tissue, said 
volume of tissue containing an endogenous pigment, the method comprising the steps of: 
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treating the particular volume of tissue with light to promote thermal overload of 
pigmented cells in the particular volume of tissue, wherein said thermal overload kills said 
pigmented cells. 

Claim 56 . The method of Claim 55 wherein the light to promote said thermal 
overload is a laser light produced by a laser. 

Claim 57 . The method of Claim 56 wherein the laser light comprises a train 
of one or more ultrashort pulses. 

Claim 58 . The method of Claim 56 including operating the laser to produce light 
at a wavelength between approximately 450 nm to 800 nm. 

Claim 59. The method of Claim 58 wherein said wavelength of light is between 
approximately 600 nm and 800 nm. 

Claim 60. The method of Claim 58 wherein said particular volume of tissue is 
located substantially at the tissue surface. 

Claim 61 . The method of Claim 58 wherein said particular volume of tissue is 
located approximately 2 mm or less below the tissue surface. 



Claim 62. The method of Claim 58 wherein said laser light has a pulse duration 
of less than 10 ns. 



WO 00/07514 PCT/US99/17176 

36 

Claim 63 . The method of Claim 62 wherein said laser light has a pulse duration 
of less than 10 ps. 

Claim 64 . The method of Claim 56 including operating the laser to produce light 
at a wavelength between approximately 800 nm to 1400 nm. 

Claim 65. The method of Claim 64 wherein said particular volume of tissue is 
located approximately 2 mm or greater below the tissue surface. 

Claim 66 . The method of Claim 64 wherein said laser light has a pulse duration 
of less than 10 ps. 

Claim 67 . The method of Claim 66 wherein said laser light has a pulse duration 
of less than 1 ps. 

Claim 68 . The method of Claim 55 wherein the light to promote said thermal 
overload is a focused beam of light. 

Claim 69 . The method of Claim 68 wherein the focused beam of light is focused 
laser light. 

Claim 70 , The method of Claim 68 wherein said step of treating the particular 
volume of tissue includes scanning said particular volume of tissue with said focused beam 
of light so as to promote thermal overload throughout said particular volume of tissue. 
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Claim 71 . The method of Claim 55 wherein the light to promote said thermal 
overload is a non-focused beam of light. 

Claim 72. The method of Claim 55 wherein said endogenous pigment is selected 
from the group comprising melanin, melanin precursors, carotenes, porphyrins, and 
various tattoo dyes. 

Claim 73 . The method of Claim 72 wherein said melanin precursors are selected 
from the group comprising 5-S-cysteinyldopa (5-SCD) and 5,6-dihidroxyindole (DHI), 
dopa, dopa semiquinone, leucodopachrome, dopachrome, eumalanins, pheomelanins, 
sepia melanins, and 5,6-dihydroxyindole-2-carboxylic acid. 

Claim 74 . The method of Claim 72 wherein said porphyrins include hemoglobin. 

Claim 75 . A method for treatment of a particular volume of tissue, said volume 
of tissue containing an endogenous pigment and an exogenous photodynamic agent, the 
method comprising the steps of: 

treating the particular volume of tissue with light to promote a simultaneous two- 
photon photoactivation of said pigment and said agent in said particular volume of tissue, 
wherein the pigment becomes photochemically converted into a phototoxic product in the 
particular volume of tissue and said photodynamic agent becomes photoactivated in the 
particular volume of tissue. 



Claim 76 . The method of Claim 75 wherein said exogenous photodynamic agent 
is selected from the group comprising Rose Bengal, psoralen derivatives, indocyanine, 
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Lutex, Sn(ET) 2 , and various porphyrin derivatives, including porfimer sodium and 
benzoporphyrin derivative. 

Claim 77 . The method of Claim 75 wherein the particular volume of tissue is 
pretreated with said exogenous photodynamic agent such that the particular volume of 
tissue retains a portion of said agent at the time the particular volume of tissue is treated 
with light so as to promote simultaneous two-photon activation of said agent. 

Claim 78 Apparatus for treating a particular volume of tissue containing an 
endogenous pigment, the apparatus comprising: 

a source of light and light delivery apparatus for directing light at and into said 
particular volume of tissue, said light being selected in frequency and energy to promote 
simultaneous two-photon excitation of said endogenous pigment so that said pigment 
becomes photochemically activated in said particular volume of tissue. 

Claim 79 . The apparatus of Claim 78 wherein said endogenous pigment is selected 
from the group comprising melanin, melanin precursors, carotenes, porphyrins, and 
various tattoo dyes. 

Claim 80 . The apparatus of Claim 79 wherein said melanin precursors are selected 
from the group comprising 5-S-cysteinyldopa (5-SCD) and 5,6-dihidroxyindole (DHI), 
dopa, dopa semiquinone, leucodopachrome, dopachrome, eumalanins, pheomelanins, 
sepia melanins, and 5,6-dihydroxyindole-2-carboxylic acid. 



Claim 81 . The apparatus of Claim 79 wherein said porphyrins include hemoglobin. 
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Claim 82 . The apparatus of Claim 79 wherein said source of light is a laser light 
produced by a laser. 

Claim 83 . The apparatus of Claim 82 wherein said laser light comprises a train of 
one or more ultrashort pulses. 

Claim 84. The apparatus of Claim 82 wherein said laser light has a wavelength 
between approximately 450 nm to 1400 nm. 

Claim 85 . The apparatus of Claim 78 wherein said particular volume of tissue is 
located substantially at the tissue surface. 

Claim 86. The apparatus of Claim 78 wherein said particular volume of tissue is 
located substantially below the tissue surface. 

Claim 87. The apparatus of Claim 78 wherein said light is non-focused light. 

Claim 88 . The apparatus of Claim 78 further comprising a focusing apparatus for 
focusing the light throughout a range of focal lengths extending from a surface of said 
tissue to a depth substantially beyond said surface, said source of light and focusing 
apparatus cooperating to promote simultaneous two-photon excitation of said pigment. 



Claim 89 . The apparatus of Claim 78 further comprising an exogenous 
photodynamic agent in said particular volume of tissue, said light being selected in 
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frequency and energy to promote simultaneous two-photon activation of said agent so that 
said agent becomes photoactivated in the particular volume of tissue. 

Claim 90 . The apparatus of Claim 89 wherein said exogenous photodynamic agent 
is selected from the group comprising Rose Bengal, psoralean, indocyanine, Lutex, 
Sn(ET) 2 and various porphyrin derivatives, including porfimer sodium and benzoporphyrin 
derivative. 

Claim 91 . An apparatus for treating a particular volume of tissue containing an 
endogenous pigment, the apparatus comprising: 

a source of light and light delivery apparatus for directing light at and into said 
particular volume of tissue, said light being selected to promote thermal overload of 
pigmented cells in the particular volume of tissue, wherein said thermal overload kills said 
pigmented cells. 

Claim 92 . The apparatus of Claim 91 wherein said source of light is a laser light 
produced by a laser. 

Claim 93 . The apparatus of Claim 92 wherein said laser light comprises a train of 
one or more ultrashort pulses. 



Claim 94. The apparatus of Claim 92 wherein said laser light has a wavelength 
between approximately 450 nm to 1400 nm. 
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Claim 95 . The apparatus of Claim 91 wherein said particular volume of tissue is 
located substantially at the tissue surface. 

Claim 96. The apparatus of Claim 91 wherein said particular volume of tissue is 
5 located substantially below the tissue surface. 

Claim 97 . The method of Claim 1 further comprising the step of heating said 
volume of tissue using said light so to produce a hyperthermic effect and controlling the 
hyperthermic effect by varying the location, irradiance and duration of said light so as to 
10 augment the effectiveness of said photoactivation. 

Claim 98 . The method of Claim 19 further comprising the step of heating said 
volume of material using said light so to produce a hyperthermic effect and controlling the 
hyperthermic effect by varying the location, irradiance and duration of said light so as to 
15 augment the effectiveness of said photoactivation. 

Claim 99 . The method of Claim 1 wherein said photochemical activation of said 
pigment includes conversion of said pigment into a phototoxic product. 

20 Claim 100 , The method of Claim 1 wherein said photochemical activation of said 

pigment includes photobleaching of the pigment in said tissue. 

Claim 101 . The method of Claim 100 wherein said tissue is selected from the 
group comprising moles, freckles, hair follicles and tattoos. 
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Claim 102 . The method of Claim 19 wherein said photoactivated product is a 
phototoxic product. 

Claim 103 . The method of Claim 19 wherein said photoactivation of said pigment 
includes photobleaching of the pigment in said material. 

Claim 104 . The method of Claim 103 wherein said material is selected from the 
group comprising moles, freckles, hair follicles and tattoos. 

Claim 105. The method of Claim 37 wherein said photoactive product is a 
phototoxic product. 

Claim 106 . The method of Claim 37 wherein said photoactivating of said pigment 
includes photobleaching of said pigment in said tissue. 

Claim 107 . The method of Claim 106 wherein said tissue is selected from the 
group comprising moles, freckles, hair follicles and tattoos. 

Claim 108 . the apparatus of Claim 78 wherein said photochemical activation of 
said pigment includes conversion of said pigment into a phototoxic product. 



Claim 109. The apparatus of Claim 78 wherein said photochemical activation of 
said pigment includes photobleaching of the pigment in said tissue. 
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Claim 1 10, The apparatus of Claim 109 wherein said tissue is selected from the 
group comprising moles, freckles, hair follicles, and tattoos. 
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Instrument for Light Therapy 
Description 

The invention concerns an instrument for light therapy, 
consisting of an outer casing with a front section terminated 
with the first hole, in which inner casing with a light 
source, reflector and Brewster polariser consisting of a 
system parallel glass plates lying on each other are located, 

while the output section of the inner casing reaching as far 

i 

as the first hole of the outer casing holds a light filter, 
and with a rear section that changes into the second hole, in 
which fan for generation of pressure difference between both 
holes is located. 

Instruments for light therapy are used to support 
biological processes by means of effects of linear-polarised 
light. Action of the linear-polarised light increases cell 
activity and supports healing processes of various 
disturbances of body surface such as wounds, furuncles and 
various disturbances of epithelium. In the publication 
DE 3220218 an equipment and a method are described for a 
stimulation of biological processes and for activating cells 
by means of linear-polarised light. The Brewster polariser 
consists of a larger number of plane-parallel glass plates 
from common transparent glass inclined under the known 
Brewster angle, e.g. four glass plates with a double number of 
reflection planes that reflect about 35% of incident light. 
The Brewster polariser is placed in a cylindrical cabinet with 
the same diameter as the reflector and lens body. The 
cylindrical cabinet is cut in the axis with an inclined plane 
and glass plates are inserted into the ellipse-shaped cross- 
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section. Rays pass through under an obtuse angle that 
corresponds to the double of the Brewster angle. The linear- 
polarised light has continuous or seemingly continuous 
distribution of spectrum in the usable direction. Despite the 
indisputable healing effects, the bundle of rays generated by 
the light source generates too much heat at higher power 
output that in case of the current configuration cannot be 
satisfactorily removed by means of air from fan. Another 
disadvantage of this appliance is a complicated construction 
of the optical equipment. The publication WO 96/04 958 
describes a healing lamp with a Brewster polariser formed by 
several drawn glass plates lying directly one on the other. 
These glass plates provide better heat removal thanks to a 
close contact of glass plates and thanks to cooling air 
passing through a narrow gap between the casing jacket and 
system of glass plates of the Brewster polariser. Because the 
light space with reflector, light source, glass plates of the 
Brewster polariser and output filter is separated from the 
space, through which air passes, and because flowing air has 
no access between glass plates of the Brewster polariser, the 
polariser is not polluted with dust. The cooling air passes 
through the casing of the instrument and leaves the casing in 
a different direction than to the cured area. The disadvantage 
of this configuration is a complicated manufacture of the 
whole instrument, low efficiency of light reflection and 
impossibility to use the airflow to support the instrument's 
healing effect. The publication DE 3733905 describes a healing 
lamp with linear-polarised light. With this lamp, the 
reflector with a light source generates a bundle of rays that 
impinges on the Brewster polariser made of a larger number of 
plane-parallel glass plates configured next to each other at 
small determined distances. Glass plates are enclosed in a 



WO 00/30714 



PCT/CZ99/00044 



-3- 

metal plate, whose outer surface is fitted with cooling fins 
as well as the outer surface of the reflector. The healing 
lamp consists of two tubular casings that make an angle that 
corresponds to the Brewster angle. The Brewster polariser is 
located in the cranked section. The straight section is 
tightly closed by means of a filtration insert. The 
disadvantage of the above-described healing lamp is its robust 
construction necessary to achieve a satisfactory light 
performance. Documentation EP 0137005 describes a healing 
illumination instrument consisting of a crank-shaped 
cylindrical casing, whose cranked section accommodates the 
Brewster polariser plates. One of the straight sections of the 
casing holds a light source with reflector, which transmits a 
bundle of rays onto the Brewster polariser plates. The bundle 
of rays reflects from these plates into the second straight 
section of the casing and the light beam leaves the instrument 
at the output hole of the second straight section. This hole 
is arranged around an optical appliance, which can be, for 
example, an optical filter. A fan is located after the 
reflector in the first straight section of the casing. This 
fan causes air to be sucked from the output hole area into the 
second straight section, the air passes through the cranked 
section of the cylindrical casing and a peripheral gap along 
the reflector into the fan that forces the air out from the 
casing through holes in the facing wall of the first straight 
section. The fan can be set to the opposite direction of 
airflow, in which case the air is sucked in through holes in 
the facing wall of the first straight section, passes through 
the fan and is pushed through an annular gap between the 
reflector and casing. Then the air flows along the top plate 
of the Brewster polariser and after changing. the direction in 
the cranked section of the casing, the air flows through the 
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second straight section through annular holes along the 
optical equipment out of the instrument. In case of the latter 
direction of flow, the air flows to the healed area and 
around. However, disadvantage of this instrument is that in 
case of this direction, the air flows directly along the top 
plate of the Brewster polariser and hits the optical equipment 
located in the output hole of the second section and pollutes 
it with dust. Documentation WO 96/04959 describes a healing 
lamp for generation of linear-polarised light that consists of 
an outer casing with a shape of cranked cylinder with holes on 
both sides, and of an inner casing located inside the outer 
casing. The inner casing also has a shape of a cranked 
cylinder. One end of the inner casing is fitted with a 
reflector with a light source transmitting a bundle of rays 
onto plates of the Brewster polariser located at the area of 
cranking of the cylindrical shape of the inner casing. The 
bundle reflects from the plates of the Brewster polariser and 
leaves the instrument through the output hole in the output 
section of the inner casing that terminates at the area of the 
outer casing output hole. An annular gap is formed between the 
output section of the inner casing and the first input hole of 
the outer casing. The fan located in the area of the second 
output hole of the outer casing sucks air that passes through 
this gap into the inner area of the outer casing. The fan 
forces the sucked air out of the outer casing through the 
second output hole. The air flows in the direction from the 
healed area, through the annular gap between the output 
section of the inner casing and the first output hole of the 
outer casing along the reflector and further along the inner 
electrical wiring into the fan and from the fan through the 
hole in the outer casing into the environment, which seems to 
be disadvantageous, because the flowing air is not utilised to 
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increase the healing effects. The sucked air simultaneously 
carries a mass of biological contamination from the healed 
area into the annular gap between the output section of the 
inner casing and the first input hole of the outer casing. 
This biological contamination is undesirably deposited on the 
inner wiring of the instrument. This effect is undesirable, 
because this is a biological contamination, which is a source 
of various infections. Disadvantage of this healing lamp 
according to the above description also is a limited light 
performance and a limited healing effect. The limited light 
performance and healing effect are caused by low efficiency of 
light reflection on the Brewster polariser. The Brewster 
polariser according to the above description consists of 
several layers of drawn glass plates arranged directly on top 
of each other. Purchase costs of floated glass plates are 
high. The reflection efficiency of bundle of rays on the above 
glass plates is low and therefore also the light performance 
of the bundle of rays, that flows out from the output hole of 
the output section of the inner casing onto the healed area, 
is low. The low reflection efficiency of the light bundle on 
the glass plates of the Brewster polariser is caused by 
quality of the surface of drawn glass plates, because during 
production at temperatures in the glass production equipment, 
the drawn glass plates are placed or transported on guide 
plates made of zinc. At high temperatures of plates, zinc 
penetrates into the surface of the processed plates. Even the 
slightest content of zinc in the surface layer causes 
aggravation of the reflection capacity. The same effect also 
appears during the production of glass plates in every other 
method of production, in which guide plates have to be used, 
that with the current state of technology are exclusively made 
to contain zinc. Finally, documentation CZ 8371 describes a 
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Brewster polariser that consists of a system of at least two 
adjoining glass reflection plates, where at least one black 
spacing insert is adjoining to one of its sides. The system of 
glass plates is inserted into the hole in the casing and 
locked together with the black spacing insert. Use of one 
black spacing insert cannot always comply with various 
manufacturing tolerances of glass reflection plates and their 
thermal expansion during operation of the instrument. This 
also causes a play between the glass reflection plates, which 
requires other black spacing inserts of different thickness to 
be used. The aim of the invention is to eliminate the 
disadvantage of the current state of the art and to provide an 
instrument for light therapy that has a higher light 
performance at the output, lower power consumption, generates 
less heat, is more hygienic and does not clog with 
contamination, dos not clog optical equipment located at the 
output with contamination, enables improvement of existing 
healing effects and expansion of functions with massage 
effects, features a simple construction, can be handled more 
easily and features the same or lower demands and costs during 
production and assembly. 

Disadvantages of the state of the art considerably 
eliminates and the aim of the invention meets an instrument 
for light therapy consisting of an outer casing with a front 
section terminated with the first hole, in which inner casing 
with a light source, reflector and Brewster polariser 
consisting of a system parallel glass plates lying on each 
other are located, while the output section of the inner 
casing reaching as far as the first hole of the outer casing 
holds a light filter, and with a rear section that changes 
into the second hole, in which fan for generation of pressure 
difference between both holes is located according to the 
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invention consisting in that the system of glass plates of 
Brewster polariser is created by drawn glass plates with 
surface irregularities defining cavities of unequal shape 
between plates. 

According to advantageous executions of the invention the 
outer side of the system of glass plates can be provided with 
insert with black surface that has profile patterns on the 
side of glass plates, massage ring can be allocated to the 
Brewster polariser, that is located in output section of inner 
casing and/or at the end of front part of outer casing. With 
advantage the massage ring can be provided with flexible 
massage elements, advantageously can be the massage ring 
provided with for generating a magnetic field outside the 
output hole of inner casing. Magnets can have with advantage a 
permanent or an electrical excitation. With advantage the 
massage ring can be a movable part of vibrator located at 
output section of inner casing and/or at the end of front 
section of outer casing. According to an advantageous 
execution there is fan allocated to Brewster polariser whereas 
this fan is set for airflow direction from the second hole of 
outer casing toward its first hole. With advantage there is 
lens allocated to Brewster polariser, which is located in 
output section of inner casing to focus rays reflected from he 
system of glass plates nto the focus located outside outer 
casing on the optical axis of lens. 

The construction is advantageous for improvement of the 
degree of utilisation of the reflected bundle of rays. In this 
construction, the elliptic reflector section is located 
against the parabolic reflector section so that optical axes 
of both reflector sections merge into a single optical axis. 
The light source is located in the primary focus of the 
elliptic reflector section, whose secondary focus is basically 
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identical with that of the parabolic reflector section and the 
size of the elliptic reflector section is considerably smaller 
than that of the parabolic reflector. This system of 
reflectors, in fact, avoids diffuse light. With respect to 
simplification of production and reduction of requirements on 
accuracy of production of glass reflection plates, it is 
advantageous to use a construction, in which the Brewster 
polariser consists of three glass reflection plates that as a 
result of various surface irregularities create unequal gaps 
between each other and are terminated at least with one black 
spacing insert and are jointly inserted into the hole in the 
casing and locked by means of the carrier together with the 
black spacing insert. To enable simple amplification or 
attenuation of irradiation intensity or to regulate the size 
of the illuminated area, it is an advantage that the lens 
consists of a spherical convergent lens, whose focus lies on 
the optical axis in front of the cabinet in the direction of 
the outgoing light. The construction is also advantageous for 
improvement and intensification of programmable healing, 
irradiation and massage effects. According to this 
construction, a massage head is detachably fitted to the 
holder end. At its front part, this head is provided with 
flexible massage elements and is manually and/or electrically 
controlled. Circling motion of the massage head with flexible 
elements over the skin surface improves blood circulation in 
the skin and together with exhaustion of warm air it 
considerably improves the healing irradiation effects and adds 
also massage effects. Electrical control of the massage head, 
e.g. with vibrations, is another improvement of the 
instrument's function that enhances it utilisation in medicine 
and cosmetics. The vibration intensity and cycle length of the 
selected program can be remote controlled and changed by means 
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of program buttons and buttons for amplification and 
attenuation of effects. Holder supports, air deflector for 
guiding air supplied by fan to cool the light source and 
Brewster polarised located within the cabinet are advantageous 
for amplification of the cooling effect. In order to keep 
cleanliness of the sucked air on the airtight construction of 
the optical equipment for guiding, polarisation and filtration 
of light, it is an advantage that air access holes are , covered 
with a replaceable air filter, which helps to prevent 
contamination of the treated body surface areas. Further, it 
is advantageous to use the construction, in which the light 
filter has a colour shade that enables filtration of undesired 
light spectrum components. For use at rehabilitation centres 
when healing post-fracture, operation and burn states, the 
handling of the instrument is simplified so that the 
electrical outfit for the radiated light is fitted with a 
controller of program of healing, irradiation and massage 
functions controlled by means of program buttons and buttons 
for amplification and attenuation of effects with light and/or 
acoustic indication. This enables treatments to be performed 
at outpatient clinics and at beds without any undesired side 
effects. This is achieved by means of construction of the 
cabinet, enhanced construction of the Brewster polariser 
including simplification of glass reflection plates of the 
massage head and by means of introduction of remote control 
featuring a simple operation. The black spacing insert has a 
profiled surface that performs a function ' of a spring and 
flexibly compensates effects of manufacturing tolerances of 
thickness and thermal expansion of the system of glass 
reflection plates so that their tight seating onto each other 
in the hole of the inner casing after assembly is permanently 
guaranteed. Simple designation of the product and manufacturer 
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is facilitated by the fact that the surface of the black 
spacing insert holds a marking, e.g. a trademark that is 
visible when looking into the instrument for light therapy 
against the direction of the outgoing polarised light. Thanks 
to the higher efficiency, the instrument for light therapy 
according to the invention has a considerably higher light 
performance at the output and thus lower power consumption and 
generates less heat at the outer side of glass plates of the 
Brewster polariser, it is more hygienic and does not clog with 
contamination, does not contaminate optical equipment located 
at the output with dust, thanks to devices allocated to the 
Brewster polariser it enables improvement of existing healing 
effects and expansion of functions with mechanical, magnetic 
and optical massage effects, it features a simple 
construction, is easy to handle and features the same or lower 
demands and costs during production and assembly. 

The invention is explained in details by means of 
drawings. Figure 1 shows a longitudinal sectional view of the 
instrument for light therapy according to the invention. 
Figure 2 shows a detail of a longitudinal sectional view of 
glass plates of the Brewster polariser. Figure 3 shows a view 
of output section of the inner casing. Figure 4 shows a 
longitudinal sectional view of the massage ring with flexible 
massage elements. Figure 5 shows a longitudinal sectional view 
of the massage ring with permanent magnets and electromagnets. 
Figure 6 shows a longitudinal sectional view of massage ring 
consisting of a vibrator. Figure 7 shows an example of light 
path of bundle of rays. 

According to Fig. 1, the instrument for light therapy 
consists of an outer casing 1 made of plastic. It is an 
advantage, that this casing is divided into two sections 
longitudinally connected either with screws or by means of 
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latches and clamps. In the longitudinal sectional view, the 
outer casing 1 is shown as a double contour line. Basically, 
the outer casing 1 has a shape of a cranked cylinder with 
front section 120 and rear section 110. Fins not shown in the 
figure hold the inner casing 2 in the front section 120. This 
casing also has the shape of cranked cylinder. The outer side 
of the cranked section holds Brewster polariser 5 consisting 
of a system of drawn glass plates 511 attached to bearing 
plate 510 fitted into inner casing 2. Inner casing 2 is 
provided with hole 211 at one of its end. Shoulder of the hole 
holds reflector 222 that focuses rays generated by light 
source 233 fitted within reflector 222 by means of socket 224 
and partly covered by known method with the other reflector 
221. The other end of inner casing 2 changes into output 
section 230 with output hole 231. The recess (not show in the 
figure) of output section 230 of inner casing 2 holds filter 
61 and lens 6 is located outside filter 61. Filter 61 and lens 
6 are fixed in output section 230 of inner casing 2 by means 
of annular ring 233 of a suitable shape. Annular ring 233 
holds massage ring 240 fitted with massage elements 241. It is 
an advantage that massage elements 241 can be made of a 
flexible material so that contact with the treated area does 
not cause irritation, but a desirable massage. Front section 
120 of outer casing 1 changes into the rear section 110 either 
gradually or in the form of a crank. This rear section 110 
holds fan 3 fitted in the outer casing, for example, by means 
of internal ribs 130. Rear section 110 of outer casing 1 is 
terminated with hole 111 in front of which air filter 112 is 
fitted. Supply cable 41 leading to switchboard 40 is taken 
from controller 42 to rear section 110 of outer casing 1. 
Cables are distributed from here to socket 224 of light source 
223 and to fan 3. With its rear section 110, the instrument 
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for light therapy can be seated in holder 10. Fan intakes air 
through hole 111, the air then passes through air filer 112, 
along blades of fan 3 and then it goes toward reflector 222 of 
light source 233. Socket 224 of light source 223 holds air 
deflector 225 that directs the airflow in the area of 
reflector 222 and brings the air into annular gap 131 between 
inner casing 2 and front section 120 of outer casing 1. Air 
passes through this gap 131 along Brewster polariser 5 and 
along output section 230 of inner casing 2 into the first hole 
121 of front section 120 of outer casing 1 and out of the 
instrument through the first hole 121 in the direction to the 
treated area along massage ring 240. Light rays generated by 
light source 223 impinge on mirror surface of reflector 223 
from which the rays are directed in a bundle to the surface of 
glass plates 511 of Brewster polariser 5, from which the rays 
are reflected under the known Brewster angle and being linear- 
polarised, they pass through filter 61. It is an advantage, 
that lens 6 is located behind filter 61 in the direction of 
rays. This lens focuses rays into the focus located on the 
optical axis of lens 6 outside of inner casing 2. According to 
Figure 2, drawn glass plates 511 are connected into a system, 
in which they are close to each other. Glass plates 511 
manufactured by means of the draw technology have 
irregularities on their surfaces. Thickness of these 
irregularities can vary, but according to experience, it is 
advantageous the thickness to be about 1 mm. Due to air 
humidity, the plates are not self-sticky. There is zero mutual 
distance at contact points of adjacent glass plates 511 and 
the distance can vary in the cavity areas. Glass plates 511 
have cavities 512 of various sizes between them, for example 
only microscopic ones that enable a different refraction of 
light. When the bundle of rays impinges on the first drawn 
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glass plate 511, considerable part of rays is reflected under 
the Brewster angle. Part of the rays pass through the drawn 
glass plate 511 and cavities 512 of various sizes and impinge 
on the second of glass plates 511 under a changed angle as a 
result of light refraction index and depending on the 
thickness of glass plate 511 and cavity 512. Part of these 
rays is reflected back under the angle of incidence and part 
of the rays pass again through the drawn glass plate 511. This 
physical phenomenon repeats on every next glass plate 511 and 
terminates on black insert 520 with profiles on surface 521 
that is bound on the last drawn glass plate 511. Drawn glass 
plates 511 can also have a different thickness. The optimum 
polarisation effect is achieved by means of a suitable 
combination of drawn glass plates 511. This increases 
efficiency of the Brewster polariser while considerably 
decreasing production costs on manufacture of drawn glass 
plates 511. Black insert 520 is seated on bearing plate 510 
inserted into the recess in the hole of inner casing 2. Thanks 
to profiles of surface 521, black insert 521 is flexible and 
thus suitably compensates production tolerances and thermal 
expansion of the system of assembled drawn glass plates 511 so 
that they are permanently in close contact with each other. 
The profiled surface 521 of black plate 520 also enables the 
product to be marked in a simple way. A suitable shape of the 
recess formed in the profiled surface 521 can be used to mark 
instructions for use or manufacturer's trademark etc., because 
the profiled surface 521 is visible during operation of the 
instrument when viewed in the direction against the outgoing 
polarised light. Figure 3 shows the front section 120 of outer 
casing 1, from which collar 233 of output section 230 not 
shown in the figure is protruding from the first section 121. 
According to Figure 4, the simple implementation of massage 
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ring 240 is provided with flexible massage elements 241. 
According to Figure 5, permanent magnets 242 or electromagnets 
243 connected with electrical socket 247 for connection to a 
power supply source are located in the body of massage ring 
240. According to Figure 6, it is an advantage, that massage 
ring 240 is a movable component of vibrator 248. Vibrator 248 
consists of collar 234 as a fixed component embedded in output 
section 230 of inner casing 2 and/or hole 121 of outer casing 
1, further as an example, it consists of flexible attachment 
246, massage ring 240 that forms the movable component and 
tools for generating oscillating motions of massage ring 240 
that, as an example, consist of electromagnets 243 connected 
with electric terminal 247 for connection to electrical power 
supply. The shown flexible attachment 24 6 is only as an 
example and can also be replaced with push-type attachment of 
massage ring 240 in collar 234 for oscillating motions either 
in axial direction or for rotary-oscillating motions along the 
axis of massage ring 240. When implementing massage ring 240, 
together with light effects it is also possible to perform 
massage of surface of the treated area. Circling or 
oscillating motions of the instrument, when the instrument is 
manual-controlled utilise the advantage of flexible massage 
elements 241. It is an advantage, that the manual control can 
be substituted with a vibrator as mentioned above. It is an 
advantage, that programmable functions of controller 42 can be 
utilised, which enable programmable amplification and 
attenuation of vibrations, light flow, flow speed and 
temperature of the airflow. Exhausting of warm air onto the 
treated area is also important for the healing effect, namely 
because warm air according of the invention is exhausted 
outside the circle formed by massage ring 24.0. According to 
the advantageous implementation of the instrument for light 
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therapy according to Figure 7, reflector 222 has a parabolic 
reflection plane 252. Another elliptic reflector 221 with 
elliptic reflection plane 251 is situated against the 
parabolic reflector 222 so that optical axes 501 and 502 are 
identical. Light source 223 is located in primary focus Fl of 
part of elliptic reflector 221 and whose secondary focus is 
identical with focus F2 of parabolic reflector 222, i.e. with 
the focus of parts of parabolic reflector 222, if the. 
reflector is divided into several parts. Reflection plane 251 
of elliptic reflector 221 is considerably smaller than 
reflection plane 252 of parabolic reflector 222. Such 
configuration considerably restricts diffusion of light 
radiated by light source 223. It is an advantage, that after 
passing through filter 61, the bundle of rays reflected from 
the Brewster polariser is focused by lens 6 into focus F3 
located on optical axis 503 outside the outer casing that is 
not shown. The instrument for light therapy can be used not 
only for stimulation of biological processes when healing 
surface wounds on bodies, but also in other branches of 
medicine, cosmetics and biology. It can be used in physical 
treatment in the branch of mouth, jaw and face surgery. 
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Patent claims 

1. The instrument for light therapy, consisting of an outer 
casing with a front section terminated with the first hole, in 
which inner casing with a light source, reflector and Brewster 
polariser consisting of a system parallel glass plates lying • 
on each other are located, while the output section of the 
inner casing reaching as far as the first hole of the outer 
casing holds a light filter, and with a rear section that 
changes into the second hole, in which fan for generation of 
pressure difference between both holes is located, 
consisting in that 

the system of glass plates of Brewster polariser (5) consists 
of drawn glass plates (511) with surface irregularities 
defining cavities (512) of unequal shape between plates (511) . 

2. Instrument for light therapy according to claim 1, 
consisting in that 

the outer side of the system of glass plates (511) is provided 
with insert (520) with black surface that has profile patterns 
on the side of glass plates (511) . 

3. Instrument for light therapy according to claim 1, 
consisting in that 

massage ring (240) is allocated to the Brewster polariser, 
that is located in output section (230) of inner casing (2) 
and/or at the end of front part (120) of outer casing (1) . 
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4. Instrument for light therapy according to claim 3, 
consisting in that 

massage ring (240) is provided with flexible massage elements 
(241) . 

5. Instrument for light therapy according to claim 3, 
consisting in that 

massage ring (240) is provided with magnets (242, 243) for 
generating a magnetic field outside the output hole (231) of 
inner casing (2) . 

6. Instrument for light therapy according to claim 5, 
consisting in that 

magnets (242, 243) are permanent or with electrical 
excitation . 

7. Instrument for light therapy according to claim 4, 
consisting in that 

massage ring (240) is a movable part of vibrator (248) located 
at output section (230) of inner casing (2) and/or at the end 
of front section (120) of outer casing (1) . 

8. Instrument for light therapy according to claim 1-7, 
consisting in that 

there is fan (3) allocated to Brewster polariser (5) . This fan 
is set for airflow direction from the second hole (111) of 
outer casing (1) toward its first hole (121) . 
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9. Instrument for light therapy according to claim 1, 
consisting in that 

there is lens (6) allocated to Brewster polariser (5), which 
is located in output section (230) of inner casing (2) to 
focus rays reflected from he system of glass plates (511) into 
the focus located outside outer casing (2) on the optical axis 
of lens (6) . 
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(57) Abstract 

The invention includes a solid state laser (22) which outputs wavelength emission A ss centered about 946 nm, combined with a lasering 
waveguide (24) which includes a Yb doped optical waveguide (26) such that when the A ss output is inputted into the lasing waveguide (24) 
the lasing waveguide produces a wavelength emission A y centered about 980 nm. The invention further includes the utilization of pump 
light with optical waveguide amplifying device. 
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SEMICONDUCTOR-SOLID STATE LASER OPTICAL WAVEGUIDE PUMP 

DEVICE AND METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority to U.S. Provisional patent Application Serial 
No. 60/1 15,229, filed on January 8, 1999, the content of which is relied upon and 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to optical waveguide devices, 
semiconductor lasers, solid state lasers, and particularly to the utilization of lasers to 
pump optical waveguide amplifiers. 

Optical amplifiers and lasers are important components used in optical fiber 
telecommunications systems. Optical signals transmitted in optical fibers tend to 
weaken as they travel along the optical fibers. Optical amplifiers provide an economic 
means of amplifying such weakened optical signals while maintaining the optical 
nature of the signal. 

Erbium doped optical fiber amplifiers have become the dominant means of 
amplifying optical signals in the 1550 nm optical telecommunications window. Such 
erbium doped optical fiber amplifiers are normally directly pumped with 980 nm and/or 
1480 nm semiconductor pump lasers. With such an amplifier-pump system, electrical 
energy applied to the 980 nm (1480 nm) semiconductor pump laser produces 980 nm 
(1480 nm) photons which are coupled through an optical fiber pigtail into the erbium 
doped optical fiber. The 980 nm and/or 1480 nm pump light excites/energizes the 
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erbium ions in the erbium doped optical fiber so that 1550 nm optical 
telecommunications signals are amplified by the excited/energized erbium ions. Such 
direct optical pumping of optical amplifiers with semiconductor produced photons has 
become the standard in the optical telecommunications industry because of reliability 

5 and related use requirements, for example compact space utilization. But, in addition to 

economic expense problems, such direct semiconductor pump lasers pose problems in 
terms of already reaching maximum optical output power limitations while the 
development of optical amplifiers has continued to require higher and higher pump 
power input requirements. It appears that the commercially available maximum 

10 reliable output power of 980 nm semiconductor laser pumps may plateau in the 300 

mW output power range while the input pump power requirements of optical amplifiers 
continue to climb. Semiconductor laser research and development continue to strive 
towards improving the structure and performance of 980 nm semiconductor laser 
pumps in an effort to try to meet the needs of optical amplifiers. 

15 The optical amplifier industry needs a pump laser technology that is able to 

meet its ever increasing optical power demands. 

SUMMARY OF THE INVENTION 

One aspect of the present invention is an optical waveguide device which 
20 includes a solid state laser which outputs wavelength emission Xs S centered about 946 

nm, combined with a lasing waveguide which includes a Yb doped optical waveguide 
such that when the Xj S output is inputted into the lasing waveguide the lasing waveguide 
produces a wavelength emission \ centered about 980 nm. 

In another aspect, the present invention includes a method of producing 980 nm 
25 optical amplifier pump wavelength light which includes providing a first laser for 

producing an emission Xi, inputting the produced emission Xi into a second laser for 
producing an emission X 2 , producing an emission X 2 , inputting the produced emission X 2 
into a third laser for producing an emission X3 centered about the 980 nm optical 
amplifier pump wavelength. 
30 In a further aspect the invention includes an optical amplifier device which 

includes at least one semiconductor laser which produces an emission Xi, centered 
about 808 nm, a first solid state laser which is optically pumped by the semiconductor 
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laser such that it produces an emission X2 centered about 946 nm, a second solid state 
laser which is optically pumped by the first solid state laser such that it produces an 
emission X 3 centered about 980 nm, and an optical amplifier waveguide for amplifying 
an optical transmission signal wherein the optical amplifier is optically pumped by the 
second solid state laser. 

The invention further includes a method of amplifying an optical transmission 
signal which comprises the steps of: providing a first laser for producing Xi light, a 
second laser for producing X2 light, and a third laser for producing A3 light, and an 
optical amplifier which utilizes X 3 light to amplify an optical signal; pumping the 
second laser with \\ light produced by the first laser; pumping the third laser with X2 
light produced by the second laser; and pumping the optical amplifier with X 3 light 
produced by the third laser. 

Additionally, the invention includes a method of making a 980 nm pump for an 
optical amplifier, with the method including: providing at least one semiconductor 
laser diode, coupling the semiconductor laser diode into a Nd:YAG laser, and coupling 
the Nd:YAG laser into a Yb doped optical waveguide fiber laser. 

In a further aspect the invention includes an optical amplifier system comprising 
a single cladding optical waveguide lasing fiber and a multimode pump source. 

The invention further comprises a method of making an optical amplifier 
pump, which includes providing a multimode pump source; providing a single cladding 
optical waveguide lasing fiber; and indirectly pumping the lasing fiber with the 
multimode pump source. 

Additionally the invention includes the method of amplifying an optical signal 
X, by providing a multimode light pump source having a wavelength \r, m multimode 
brightness output; converting the multimode brightness output into a single mode 
output having a wavelength Xp Ump ; and inputting the single mode output into an optical 
amplifier for amplifying an optical signal X*. 

In a further aspect the invention includes an optical amplifier pump for pumping 
an optical amplifier with a pump wavelength \ U tr\p> where the pump includes a 
semiconductor laser which produces a wavelength Xs Cm i and the pump outputs at least 
500 mW of light at \ ump . 
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Additionally the invention includes an optical amplifier pump comprising: 
a semiconductor laser which produces a wavelength \\ for pumping Nd ions; a plurality 
of Nd ions, which when pumped by the wavelength Xi, produces a wavelength X 2 for 
pumping Yb ions; and a plurality of Yb ions, which when pumped by the wavelength X2 
produces a wavelength X3 for pumping Er ions. 

In a further aspect the invention includes an optical amplifier pump for pumping 
an optical amplifier which amplifies optical signals in the range of 1560 to 1620 nm (L- 
band), which has at least one broad area semiconductor laser; and a neodymium doped 
solid state laser, with solid state laser pumped by the semiconductor laser. 

Additionally the invention includes an optical amplifier that comprises 
a semiconductor laser; a solid state laser, the solid state laser pumped by the 
semiconductor laser; and an Er doped optical amplifier fiber, with the Er doped optical 
amplifier fiber for amplifying signals in the range of 1560 to 1620 nm and pumped by 
the solid state laser. 

In a further aspect the invention includes a method of amplifying a L-band 
optical signal by providing an Er doped optical fiber, pumping a neodymium solid 
state laser with a broad area semiconductor laser, inputting said solid state laser directly 
into the Er doped optical fiber, and amplifying a L-band optical signal with the Er 
doped optical fiber. 

Additional features and advantages of the invention will be set forth in the 
detailed description which follows, and in part will be readily apparent to those skilled 
in the art from that description or recognized by practicing the invention as described 
herein, including the detailed description which follows, the claims, as well as the 
appended drawings. 

It is to be understood that both the foregoing general description and the 
following detailed description are merely exemplary of the invention, and are intended 
to provide an overview or framework for understanding the nature and character of the 
invention as it is claimed. The accompanying drawings are included to provide a 
further understanding of the invention, and are incorporated in and constitute a part of 
this specification. The drawings illustrate various embodiments of the invention, and 
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together with the description serve to explain the principles and operation of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 FIG. 1 is a schematic representation in accordance with the present invention. 

FIG. 2 is schematic representation in accordance with the present invention. 
FIG. 3 is schematic representation in accordance with the present invention. 
FIG. 4 is a graph of output power (milliwatts) at 980nm versus input power 
(milliwatts) at 946nm. 
10 FIG. 5 is an output spectrum plot of light from a Yb fiber laser. 

FIG. 6 is an output spectrum plot of light, which shows three output spectrums 
from Yb fiber lasers. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 

Reference will now be made in detail to the present preferred embodiments of 
the invention, examples of which are illustrated in the accompanying drawings. An 
exemplary embodiment of the present invention is shown in Figure 1 . The laser system 
of the invention is designated generally throughout by reference numeral 20. 

20 In accordance with the invention, the present invention for an optical waveguide 

device 18 includes a solid state laser 22. Solid state laser 22 outputs a wavelength 
emission \; S centered about 946 nm. Solid state laser 22 provides a reliable source for 
producing a high powered laser light output centered about 946 nm. Preferably solid 
state laser 22 is a neodymium doped solid state laser. 

25 Solid state laser 22 is preferably a neodymium doped solid state laser, such as 

the Nd: YAG solid state laser shown in FIGS. 2, that is pumped by two semiconductor 
laser diodes 32. Preferred semiconductor lasers for pumping the neodymium doped 
soild state laser are semiconductor lasers that emitt light having a wavelength X with X 
selected from the Nd absorption bands near 880nm(from about 860 to about 900nm), 

30 808nm(from about 780 to about 830nm), 740nm(from about 720 to about 760nm), and 

690nm(from about 670 to about 710nm). These Nd absorption wavelength bands are 
for the Nd solid state YAG host, and with other soild state hosts for Nd the 
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wavelengths and widths of these Nd absorption bands may vary. Preferably laser 
diodes 32 are broad area lasers with each producing about 2 watts of multimode light 
(2W MM) at 808 nm. With optical element lenses 34 and a polarization combiner 36, 
the output of broad area laser diodes 32 is inputted into Nd:YAG solid state laser 22. 

5 Nd:YAG solid state laser 22 is comprised of a 946 nm laser cavity 38 which includes 

Nd:YAG crystal 40 and glass substrate spherical surface laser element 42. Nd:YAG 
crystal 40 includes a 946 nm high reflectivity (about 99%) coating 44 and an anti- 
reflection coating 48 that prevents reflections (946 nm and 1060 nm) other than at 808 
nm, coating 48 may include a 808nm high reflector to provide beneficial reflection of 

10 808nm light. Spherical surface laser element 42 includes a coating 50 that provides for 

high reflectivity (about 95%) at 946 nm and high transmission at 1060 nm. Solid state 
laser 22 preferably produces at least about 1 watt of single mode light at 946 nm. 
Preferably light in the range of 780 to 880 nm is inputted into solid state laser 22, most 
preferably 800 to 880 nm. In addition to this external cavity solid state Nd doped 

15 crystal embodiment of solid state laser 22, solid state laser 22 may comprise a tapered 

Nd doped waveguide laser device or a Nd doped double clad optical waveguide fiber 
laser device. 

As shown in FIG. 1, optical waveguide device 18 includes a lasing waveguide 
24 that is comprised of a Yb doped optical waveguide 26. Yb doped optical waveguide 

20 26 has an input end 28 and an output end 30. Input end 28 is optically coupled to solid 

state laser 22 such that the emission X; S outputted from solid state laser 22 is inputted 
into the lasing Yb doped optical waveguide and an emission \ centered about 980 nm 
is outputted from lasing waveguide output end 30. 

Yb doped optical waveguide 26 is preferably a silica optical waveguide fiber 

25 that is doped with Yb. It is further preferred that the silica optical fiber is an alumino- 

silicate fiber such as a silica optical fiber doped with Al and Yb. In a most preferred 
embodiment the Yb doped optical waveguide is Er free, in that the waveguide does not 
contain erbium so that the Yb ions are the excitable ions in the waveguide. Preferably 
the Er free Yb doped waveguide is a silica waveguide fiber. 

30 Preferably the Yb doped silica fiber is comprised of 60 to 99 wt.% SiC>2. 

Preferably Yb doped waveguide 26 is a silica fiber which includes 0.1 to 4 wt.% Yb 
and 0.1 to 10 wt.% Al, and most preferably a waveguide with 0.2 to 2.5 wt.% Yb and 
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0.2 to 9wt.% Al, with a further preferred Al wt.% of 0.2 to 8.3wt.% AL. In a preferred 
embodiment the Yb doped silica fiber composition further comprises Ge (germanium). 

It is preferred that lasing waveguide 24 and Yb doped optical waveguide 26 are 
comprised of single mode optical waveguide fiber with such single mode optical 
5 waveguide fiber the guiding of light by the waveguide is restrained to a single mode. 

Additionally, Yb doped optical waveguide 26 is preferably a single cladding optical 
fiber, in that the optical fiber has a single clad as compared to a double clad optical 
fiber or other multi-clad fibers. Preferably Yb doped waveguide 26 consists essentially 
of a single waveguide cladding and a waveguiding core so that the optical waveguide 

10 fiber only has a single waveguide cladding surrounding a waveguide core with 

appropriate optical fiber protective coatings. 

As shown in FIG. 1, optical waveguide device 1 8 includes a filter 52. Filter 52 
is a filter for inhibiting light having a wavelength X x centered about 1030 nm from 
propagating in Yb doped optical waveguide 26. Light removal filter 52 removes 1030 

15 nm light so that light produced in the Yb doped waveguide 26 is biased towards the 

production of 980 nm light. Preferably filter 52 is positioned outside of the 980 nm 
resonant cavity and most preferably is a fiber grating positioned between solid state 
laser 22 and Yb doped optical waveguide input end 28. As depicted in FIG. 1, fiber 
filter 52 is preferably a long period fiber grating that removes unwanted 1030 nm light 

20 that may be produced by solid state laser 22. Filter 52 removes and prevents 

detrimental light having a wavelength centered about 1030 nm from degrading the 
performance of lasing waveguide 24 and ensures that the beneficial 946 nm excitation 
light is utilized by Yb ions to produce 980 nm light and to suppress the production of 
1 030 nm light by Yb ions in Yb doped waveguide 26. In addition to a long period 

25 grating, filter 52 can comprise a filter such as a dielectric thin film filter which also 

removes the unwanted 1030 nm light that is produced by excited Yb ions. 

As shown in FIG. 1 , lasing waveguide 24 preferably includes at least one fiber 
Bragg grating. Fiber Bragg gratings provide a beneficial means of reflecting light in an 
optical fiber waveguide format. Lasing waveguide 24 includes a back reflector 54 

30 proximate Yb doped optical waveguide input end 28. Back reflector 54 is centered 

about 980 nm and is highly reflective so as to benefit the output of 980 nm light from 
the lasing waveguide. Lasing waveguide 24 includes a pump reflector 56 proximate Yb 



WO 00/41278 PCT/US99/29629 

8 

doped optical waveguide output end 30. Pump reflector 56 is centered about 946 nm 
and is highly reflective so that 946 nm pump light that reaches the end of the Yb doped 
waveguide is contained in the Yb doped waveguide so that it can pump Yb ions into the 
proper excited state. Lasing waveguide 24 includes an output coupler 58 proximate Yb 

5 doped optical waveguide output end 30. Output coupler 58 is centered about 980 nm 

and is less reflective than back reflector 54 so as to benefit the output of 980 nm light 
from the lasing waveguide. Output coupler 58 and back reflector 54 are fiber Bragg 
gratings that provide reflectivity of light to benefit the lasing operation. Pump reflector 
56 is also a fiber Bragg grating that provides beneficial reflections. These fiber Bragg 

10 gratings can be made in separate optical waveguide fibers which are spliced together 

with Yb doped optical waveguide fiber 26 to form lasing waveguide 24 or could be one 
unitary, integral, and complete single optical fiber or spliced variations thereof 

Yb doped optical waveguide 26 has a gain G980 at 980 nm and a gain G1030 at 
1030 nm with G98o>Gio3o. Output coupler 58 of lasing waveguide 24 has a reflectivity 

15 OCR, and Yb doped waveguide 26 has a Yb weight percent concentration CONCyb » a 

pump absorption PA 94 6 at 946nm (percent of 946nm pump power absorbed by the Yb 
ions) which depends on the 946 nm pump power and the removal of 1030 nm light by 
1030 nm light removal filter 52, and a length L Y b> wherein gain G980 is dependent on 
CONCyb , PA 94 6 and OCR and the waveguide length Ly b is optimized such that 

20 G 9 8o > Gio3o with G980 depending on CONCyb, OCR, PA 94 6 and L Y b. For a given 

CONCyb , PA946 and OCR, the length L Y b is set at an optical length so that G98o > Gio3o 
and beneficial production of 980 nm light is obtained. In practicing the invention it has 
been found that for a CONCyb of about 0.2 wt.% Yb , a PA 946 greater than 90% (with 
the long period fiber grating filter removing 1030 nm light), and an OCR reflectivity of 

25 about 5% at 980 nm, that the optimized optical fiber length is at about 60 cm. For a 

given inputted pump power the length is adjusted to insure G98o > Gio3o- If light removal 
long period fiber grating filter 52 is not utilized to remove 1030 nm light and bias the 
production of 980 nm light by 946 nm pump light, then PA946 needs to be kept below 
60% so that G98o > Gio3o and to maintain the production of 980 nm which results in 

30 wasting 946 nm pump power. 

Optical waveguide device 1 8 of the invention provides at least 300 milliwatts 
(mW) of 980 nm output which is readily usable for pumping an optical amplifier and 
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meets the high pump power demands of optical amplifiers. Preferably lasing 
waveguide 24 produces a 980 nm single mode output of at least .5W (a half of a watt). 
Yd doped optical waveguide output end 30 is optically coupled to an Er doped optical 
amplifier 60 as depicted in FIG. 1 . As such, the invention comprises an optical 
5 amplifier pump that produces at least 500 milliwatts of 980 nm pump power and 

includes a semiconductor laser. Preferably the waveguide device of the invention has a 
Yb laser slope efficiency of at least 80%. With such, the inventive device provides an 
optical to optical conversion efficiency greater than 25% (1 W out at 980nm, 4W in at 
808nm), preferably greater than 30%, more preferably greater than 40%, and most 

10 preferably greater than 50%. 

The invention further includes a method of producing a 980 nm pump light. 
This method of producing a 980 nm pump light includes the steps of providing a first 
laser for producing an emission Xi centered about 808 nm; inputting the emission Xi 
into a second laser for producing an emission X2 centered about 946 nm; producing 

15 emission X 2 , centered about 946 nm; inputting the produced emission X 2 into a third 

laser for producing an emission X3 centered about 980 nm; and then producing emission 
X 3 centered about 980 nm. 

The step of providing a first laser for producing Xi and inputting Xi includes 
providing a semiconductor laser 32 and coupling semiconductor laser 32 into solid 

20 state laser 22. The method preferably includes providing a second semiconductor laser 

32 for producing the emission \\ centered about 808 nm, and polarization multiplexing 
or wavelength multiplexing the first laser 32 and the second semiconductor laser 32. 
Preferably first laser 32 and second semiconductor laser 32 are broad-area laser diodes 
which produce a multimode emission Xi . 

25 Preferably the second laser which provides emission X2 centered about 946 nm 

is a solid state laser 22, most preferably a Nd doped laser, such as a Nd:YAG laser 
which comprises a Yd doped solid state lasing waveguide laser, such as a Yb doped 
laser fiber 26. 

Preferably the method of producing a 980 nm pump light includes the step of 
30 inhibiting the feedback of 1 030 nm light into third laser 24, such as by filtering with 

filter 52. As shown in FIG. 1 , the method further includes inputting the produced 
emission X3 centered about 980 nm into Er doped optical amplifier 60. 
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In a further aspect the invention includes an optical amplifier device 18 which 
includes a semiconductor 32 which produces an emission \\ centered about a first 
semiconductor wavelength and a first solid state laser 22 which is optically pumped by 
semiconductor laser 32. First solid state laser 22 produces an emission X 2 centered 

5 about a first solid state wavelength in the Yb absorption spectrum peak that is centered 

about 920 nm. The device further includes a second solid state laser 24 that is optically 
pumped by first solid state laser 22. Second solid state laser 24 produces an emission 
X 3 centered about 980 nm and optical amplifier 60 for amplifying an optical 
transmission signal is optically pumped by second solid state laser 24. Preferably the 

10 first solid state laser 22 is a Nd doped laser and the first solid state wavelength is in the 

range of 880 to 960 nm. Preferably second solid state laser 24 is comprised of an 
optical waveguide which includes a Yb doped silica optical waveguide fiber 26. 
Additionally, second solid state laser 24 preferably includes a fiber Bragg grating back 
reflector 54 and a fiber Bragg grating pump reflector 56. In a most preferred 

15 embodiment of the invention the device includes filter 52 for inhibiting light having a 

wavelength proximate 1030 nm from entering second solid state laser 24. 

The invention further includes a method of amplifying an optical transmission 
signal, which includes: providing a third laser for producing X 3 light; providing an 
optical amplifier which utilizes X 3 light to amplify an optical signal; pumping the 

20 second laser with Xi light produced by the first laser, pumping the third laser with X 2 

light produced by the second laser, and pumping the optical amplifier with the X 3 light. 
Preferably with the method X 3 > X 2 > \\, and most preferably the method includes 
amplifying an optical transmission signal which has a wavelength \ such that \ >X 3 > 
X 2 > X|. In preferred methods: Xj light is centered about 808 nm; X 2 light is centered 

25 about 946 nm; and X 3 light is centered about 980 nm. The method also further includes 

suppressing light having a wavelength centered about 1030 nm, such as with a filter 52. 

The invention further comprises a method of making a 980 nm pump for an 
optical amplifier which includes the steps of providing at least one semiconductor laser 
diode, coupling at least one semiconductor laser diode into a solid state laser, and 

30 coupling the solid state laser into a Yb doped optical fiber laser. Preferably the step of 

providing at least one semiconductor laser diode 32 comprises providing at least two 
semiconductor laser diodes 32, most preferably providing two broad area 
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semiconductor lasers with each of the semiconductor lasers outputting at least 2W (two 
watts) each at a wavelength centered about 808 nm and coupling into a solid state laser 
includes combining the polarization of the two semiconductor lasers. Preferably the 
solid state laser 22 comprises a Nd doped solid state laser. Preferably Yb doped optical 
5 waveguide fiber laser 24 comprises a single clad single mode alumino-silicate Yb 

doped fiber 26. 

In an additional aspect, the invention includes an optical amplifier system that 
comprises a single cladding optical waveguide lasing fiber and a multimode pump 
source. As shown in FIG. 1, the optical amplifier system of the invention comprises 

10 single cladding optical waveguide lasing fiber 126 and multimode pump source 132. 

Preferably single cladding optical waveguide lasing fiber 126 comprises a single mode 
Yb doped optical 26 and multimode pump source 132 is comprised of a first and 
second broad area semiconductor laser 32. Most preferably the single cladding optical 
waveguide lasing fiber is indirectly pumped by said multimode pump source. 

15 Additionally, the invention includes a method of making an optical amplifier pump 

which comprises providing a multimode pump source 132, providing a single cladding 
optical waveguide lasing fiber 126 and indirectly pumping the lasing fiber 126 with 
multimode pump source 132. 

In a further aspect the invention comprises a method of amplifying an optical 

20 signal \ by providing a multimode light pump source having a wavelength Xm m 

multimode brightness output; converting the multimode brightness output into a single 
mode output having a wavelength Xp U m P ; and inputting the single mode output into an 
optical amplifier for amplifying an optical signal \. Preferably \> Xp ump > \nnv 

Additionally, the invention includes an optical amplifier pump for pumping an 

25 optical amplifier with a pump wavelength \ urnv , with the pump including a 

semiconductor laser which produces a wavelength Xgemi and the pump outputting at 
least 500mW of light at Xp Ump . Preferably Xsemi is not equal to \ uwp (Kem\ * \um P ) and 
most preferably Xsemi is less than Xp Ump (X S emi > X P ump )• Preferably Xsemi is in the range of 
780 to 880 nm, and most preferably Xsemi is at a wavelength which excites neodymium 

30 ions. In a preferred embodiment Xp Ump is centered about 946 nm. In a further preferred 

embodiment Xp U mp is centered about 980 nm. 
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In a further aspect the invention includes an optical amplifier pump with a 
semiconductor laser which produces a wavelength X| for pumping Nd ions, a plurality 
of Nd ions which when pumped by the wavelength Xi produces a wavelength X 2 for 
pumping Yb ions, and a plurality of Yb ions which when pumped by the wavelength X2 
5 produces a wavelength X 3 for pumping Er ions. Preferably \\ is in the range of 780 to 

880 nm, X2 is in the range of 900-960 nm, and X 3 is in the range of 970-980 nm. 

In addition, the invention includes an optical amplifier pump for pumping an 
optical amplifier which amplifies optical signals in the L-band range of 1560 to 1620 
nm which comprises at least one broad area semiconductor laser and a neodymium 

10 doped solid state laser with the neodymium doped solid state laser pumped by the 

semiconductor laser. As shown in FIG. 3, optical amplifier pump 120 comprises using 
the first part 110 of laser system 20 of FIG. 1 to directly pump L-band optical amplifier 
160 with the 946 nm output from Nd doped solid state laser 22. Broad area 
semiconductor lasers 32 pump solid state laser 22 which inputs the 946 nm light 

15 directly into L-Band optical amplifier 160 without utilizing the Yb doped optical fiber. 

Pump 120 effectively pumps an L-band optical amplifier such as a long length of Er 
doped Al doped silica amplifier fiber. 

The application of the invention to directly pump a L-band optical amplifier 
includes an optical amplifier 160 which has a semiconductor 32, a solid state laser 22 

20 which is pumped by semiconductor laser 32, and an Er doped optical amplifier fiber 

260 for amplifying signals in the range of 1560 to 1620 nm with the amplifier fiber 
pumped by solid state laser 22. Preferably Er doped optical amplifier fiber 260 is a 
long length of fiber having a length in the range of 50 to 250 meters, and more 
preferably 100 to 200 meters. Preferably solid state laser 22 is comprised of 

25 neodymium, such as a neodymium doped solid state laser. Preferably semiconductor 

lasers 32 are broad area multimode semiconductor lasers. The neodymium doped solid 
state laser may comprise a Nd doped crystal, a Nd doped double clad waveguide, or a 
Nd doped tapered waveguide. A Nd doped crystal is the preferred solid state laser, 
with Nd:YAG most preferred. 

30 The invention includes a method of amplifying a L-band optical signal which 

includes the steps of providing an Er doped optical fiber, pumping a neodymium solid 
state laser with a broad area semiconductor laser, inputting the solid state laser directly 
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into the Er doped optical fiber, and amplifying a L-band optical signal with the Er 
doped optical fiber. In a preferred method the provided Er doped fiber has a length of 
at least 100 meters, and most preferably has a length from 100 to 200 meters. Most 
preferably the Er doped optical fiber is an Al doped silica fiber. 

5 

Examples 

The invention will be further clarified by the following examples which are 
intended to be exemplary of the invention. 

10 Example 1-2 

As shown in FIG. 1-2, a single-mode Yb:Si02 fiber laser pumped by a diode- 
pumped 1.1 W Nd:YAG laser at 946 nm in accordance with the invention provided 
>650 mW output power at 980 nm and >80% slope efficiency . Such high output 
power at 980 nm was achieved by pumping at 946 nm using a TEM o,o laser-diode- 

15 pumped Nd:YAG. Although the Yb absorption cross section has a minimum near this 

wavelength, there was still enough absorption to provide the 980nm output. This 
inventive pumping scheme obtained 0.65 W of single-mode output from a CS980 
brand optical fiber (Corning Incorporated; Corning, NY) output fiber , and is scaleable 
to much higher output powers and has been found to be useful for pumping Er-doped 

20 amplifiers. In this high output power operation of the invention the 1030 nm transition 

was suppressed. 

In practicing the invention as shown in FIG. 1 and described herein, the 
invention involves the quasi-four-level transition of Nd: YAG at 946 nm to directly 
pump Yb:Si02 which lases at 980 nm and directly pumps Er. Such production of 980 

25 nm pump light has provided certain advantages such as compatibility with existing 

amplifier component technology and pre-amp stage pumping without significant NF 
degradation as observed with Yb:Er co-doped fibers. 

As shown in FIG 1-2, the TEM o,o pump laser consisted of a Nd:YAG solid state 
crystal pumped by a pair of polarization-multiplexed 2 W multimode, broadened- 

30 waveguide, broad-area semiconductor laser diodes at 808 nm with emitting aperture of 

100 X 1 |im 2 . The solid state laser crystal had a 1 dB absorption length of 3 mm, and 
dimensions 3X3X8 mm. The plano-concave resonator had a length of 7 mm (optical 
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length is 1cm). The radius of curvature was about 10 cm and the thermal lens at 4 W 
pump power was about 1 5 cm. Thermal lensing caused the resonator spot size to 
decrease with increasing pump power, and therefore beam divergence increased with 
pump power. This was verified experimentally, with measured TEM 0 ,o beam 
5 divergence in the range 3.4-6 mrad, depending on output power. A schematic of the 

Nd:YAG laser is shown in FIG. 2. The threshold and slope efficiency of this laser was 
1 W of input pump power and 50%, respectively. It had a FWHM of 0.30 nm centered 
at 945.8 nm. The Nd:YAG solid state crystal laser utilized in the invention was 
obtained from InnoLight GmbH (Hannover, Germany) and the broad-area 

10 semiconductor laser diodes were Polaroid POL-5 1 00BW series brand laser diodes 

(Polaroid Corporation; Norwood, MA). The laser diodes were collimated in the fast 
axis by a jn-lens element with 100 Jim diameter. This reduced the fast axis NA from 0.6 
to about 0.03. An image of the (i-lens aperture was made by a spherical lens element 
which had a focal length of 1.8 cm. The beams from each laser diode were spatially 

15 overlapped in the polarization multiplexer and magnified X 1.5 by a lens element, 

which had a focal length of 2.7 cm. The focused pump spot radius (1/e 2 ) was 
approximately 80±10 |nm. The measured laser beam spot radius at 100 mW output 
power was 80-100 |Lim, corroborating good pump-signal overlap necessary for efficient 
quasi-four-level operation. 

20 With a double-pass pump absorption using appropriate coatings in the Nd:YAG 

laser resonator, about 1.7 W at 946 nm can be achieved with the same 2X2W laser 
diode pumps. With 85% coupling of this 1 .7 W output into the fiber and an 80% Yb 
laser slope efficiency, greater than 1.2 W @ 980 nm should be obtained. 

The Yb doped fiber laser consisted of a length of Yb-doped fiber with 2 gratings 

25 fusion spliced on each side of it as illustrated in FIG. 1 . In the input side, pump power 

was coupled through a XI 0 aspheric lens element( Newfocus brand lens #5726) into 
Flex core 1060 brand optical fiber (Corning Incorporated; Corning, NY) containing a 
1030nm long-period grating (LPG) which was spliced to CS980 brand optical fiber 
(Corning Incorporated; Corning, NY) containing a Bragg grating back reflector. In the 

30 output side, Flexcore 1060 brand optical fiber (Corning Incorporated) containing a 

Bragg grating pump reflector was spliced to CS980 brand optical fiber (Corning 
Incorporated) containing a Bragg grating output coupler. 
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It was found that efficient pump absorption and exclusive three-level laser 
operation pull the required Yb fiber length in opposite directions; it was found that 
946 nrn pump absorption should be at most 4-5 dB at threshold, in order to avoid 
quasi-four-level oscillation in a fiber laser with 14 dB round- trip loss. Since low pump 
5 absorption was unacceptable, a spectral filter was used to increase pump absorption. 

The Yb-doped alumino-silicate fiber with length of 50 cm allowed « 85% absorption of 
pump power just below laser threshold; however, besides three-level oscillation 
between the 2 F 5/2— > 2 F 7/2 manifolds at 978 nm, unwanted quasi-four-level lasing at 
1030 nm and at 1012 nm between two other pairs of strong Stark levels of the same 
10 manifolds was simultaneously observed. This was eliminated by the LPG which had a 

13 dB notch at 1027 nm; this grating had a loss of 0.15 dB at 946 nm and 1.2 dB at 
1012 nm. 

The back reflector was a 0.5 nm FWHM FBG centered at 979,8 nm with peak 
reflectivity >99%. The pump reflector was a 0.6 nm FWHM FBG centered at 945.8 

15 nm with peak reflectivity of >99%; this grating allowed » 97% pump absorption in a 

double-pass; for the given fiber length, by taking the pump reflector out about 15% of 
pump power leaks from the fiber end; it was found that the pump reflector grating also 
helped to suppress unwanted oscillation at 1012 nm. The output coupler had a 0.5 nm 
FWHM centered at 979.9 nm with peak reflectivity of 5%; this grating maintained 

20 narrow-line oscillation at high pump powers. Without the output coupler, the fiber lased 

between its cleaved facets at high pump power. The Yb: SiC>2 fiber was 0.2 wt.% Yb 
and 0.2 wt. Al , NA=0.22, cut-off wavelength of 870 nm and peak absorption of 1 .77 
dB/cm at 980 nm with background loss of 8 dB/km. 

The laser power measured from a cleaved facet of the output CS980 fiber end is 

25 shown in FIG. 4 vs. input pump power (measured before the Newfocus brand xlO 

aspheric lens element); black dots 401 represent result points and solid line 402 is a 
linear interpolation of these results. Threshold was approximately 41 mW of input 
pump power and the slope efficiency was 59 % with respect to input pump power. 
Measured losses were as follows: 1.0 dB fiber coupling loss (which corresponds to a 

30 coupling efficiency of 88% taking into account the lens 97% transmission and 7% 

Fresnel reflection from fiber facets), 0.25 dB splicing loss (for a total of 4 splices) and 
0.15 dB LPG insertion loss, for a total of about 1.4 dB. After correcting for these 
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losses, the laser slope efficiency is 81% and laser threshold is 30 mW, both with respect 
to absorbed pump power. The spectrum at 655 mW output power is shown in FIG. 5; 
it has a FWHM of 0.15 nm centered at 979.8 nm. 

A second alumino-silicate Yb-doped fiber was utilized in the invention, having 

5 2.5 wt.% Yb and 8.3 wt.% Al , NA-0.26, cut-off wavelength of 940 nm and peak 

absorption of 9.75 dB/cm at 980 nm with background loss of 20 dB/km. A 9.5 cm 
length of this Yb-doped fiber allowed about 85% pump absorption, with measured 
threshold and slope efficiency of approximately 60 mW and 60%, with respect to 
absorbed pump power. 

10 These alumino-silicate Yb-doped fibers were prepared by the method by 

MCVD (modified chemical vapor deposition) process. The results for measured slope 
efficiency and power threshold are summarized in Table 1 . In each case, the Yb fiber 
length was optimized for lasing at 980 nm with 90% pump absorption, and splice losses 
were reduced to a minimum. These measurements were obtained with input LPG and 

15 back reflector in place, but no gratings in the output end in that the output reflector was 

the cleaved Yb fiber facet 

TABLE 1 . 



Fiber 


Composition 


Length 


Pump power 


Slope 




(oxide wt.%) 


for 90% 


threshold 


efficienc 






pump 


(mW) 


y 






absorp- 










tion (cm) 






Reference 


0.06Yb 


50 


12 


0.67 


First 


0.2Yb/0.2Al 


60 


28 


0.79 


Example 










Second 


2.5Yb/8.3Al/0.5Ge 


10 


56 


0.57 


Example 











20 
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All of these fiber lasers contained two splices: one Flexcore to CS980 splice which 
consistently had a measured loss of <0.1 dB, and one CS980 to Yb fiber with estimated 
loss O.2. The numbers for slope efficiency and threshold were obtained by linear fit to 
measured input/output points and corrected for pump leakage, pump coupling and 

5 Flexcore-CS980 splice loss; they were not corrected for the less reproducible CS980- 

Yb fiber splice loss; thus, slope efficiency with respect to absorbed pump power may 
be up to 5% higher in these alumino-silicates. 

FIG. 6 shows typical spectra observed without the output gratings (pump 
reflector and output coupler) for 300 mW of output power. Curve 601 shows how the 

10 spectrum breaks with only the LPG and back reflector FBG in place; about 92% of 

the laser power output is within the FBG bandwidth; weak spurious feedback causes 
the remaining 8% to be emitted near the peak of the 2 F 5/2-> 2 F 7/2 transition at 978 nm. 
For comparison, the free-running spectrum (curve 602) and the spectrum obtained with 
the FBG replaced by a chirped FBG (curve 603) are also shown; the former has a 

15 FWHM of 3.3 nm centered at 978.0 nm, while the latter has a FWHM of 3.2 nm 

centered at 979.0 nm. The chirped FBG had reflectivity > 98% over 25 nm centered at 
980.0 nm. Thus the use of proper gratings provided bandwidth control. 

Example 3 

20 The Nd doped solid state laser system was utilized to directly pump an Er doped 

L-Band optical amplifier to provide optical amplification in the 1560 to 1620 range. As 
shown in FIG.3, the Nd:YAG solid state laser output of about 1 watt at 946nm was 
directly coupled into a L-Band optical amplifier so that approximately 29 dBm of 946 
nm light was inputted into a 200 meter length of Er doped optical amplifier fiber. The 

25 Er doped optical amplifier fiber was a silica fiber doped with Er and Al. This provided 

about 22dBm of amplified output power at 1585 nm with 8.9dBm of input power at 
1585 nm. Er propagation loss of about 20dBm/km were estimated and the Er 
absorption at 940 nm was measured to be about 0.2dB/m. 

It will be apparent to those skilled in the art that various modifications and 

30 variations can be made to the present invention without departing from the spirit and 

scope of the invention. Thus, it is intended that the present invention cover the 
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modifications and variations of this invention provided they come within the scope of 
the appended claims and their equivalents. 
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What is claimed is: 

1 . Ail optical waveguide device comprised of: 

a solid state laser for outputting an emission Xj S centered about 946 nm, a lasing 
waveguide, said lasing waveguide comprising a Yb doped optical waveguide, said Yb 
5 doped optical waveguide having an input end and an output end, said input end is 

optically coupled to said solid state laser such that said emission Xs S outputted from said 
solid state laser is inputted into said Yb doped optical waveguide input end and an 
emission \ centered about 980 nm is outputted from said Yb doped optical waveguide 
output end. 

10 

2. A method of producing a 980 nm pump light, said method comprising: 

providing a first laser for producing an emission Xi, centered about 808 

nm; 

inputting said produced emission \ 9 centered about 808 nm into a 
15 second laser for producing an emission X2 centered about 946 nm; 

producing an emission X2 centered about 946 nm; 
inputting said produced emission X2 centered about 946 nm into a third 
laser for producing an emission X3 centered about 980 nm; 
producing an emission X3 centered about 980 nm. 

20 

3. An optical amplifier device comprised of: 

a semiconductor laser which produces an emission X], centered about a 
first semiconductor wavelength; 

a first solid state laser which is optically pumped by said semiconductor 
25 laser, said first solid state laser produces an emission X2 centered about a first 

solid state wavelength, said first solid state wavelength in the Yb absorption 
spectrum peak centered about 920 nm; 

a second solid state laser which is optically pumped by said first solid 
state laser, said second solid state laser produces an emission X3 centered about 
30 980 nm; 

an optical amplifier for amplifying an optical transmission signal, said 
optical amplifier optically pumped by said second solid state laser. 
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4. A method of amplifying an optical transmission signal, said method comprising: 

providing a first laser for producing \\ light; 
providing a second laser for producing X 2 light; 
providing a third laser for producing A3 light; 
providing an optical amplifier which utilizes X 3 light to amplify an 
optical signal; 

pumping said second laser with \\ light produced by said first laser; 
pumping said third laser with X2 light produced by said second laser; and 
pumping said optical amplifier with X 3 light. 

5. A method of making a 980 nm pump for an optical amplifier comprising: 

providing at least one semiconductor laser diode; 

coupling said semiconductor laser diode into a solid state laser; 

coupling said solid state laser into a Yb doped optical fiber laser. 

6. A method of making an optical amplifier pump, comprising the steps of: 

providing a multimode pump source; 

providing a single cladding optical waveguide lasing fiber; and 
indirectly pumping said lasing fiber with said multimode pump source. 

7. A method of amplifying an optical signal \, comprising the steps of: 

providing a multimode light pump source having a wavelength X,™ 
multimode brightness output; 

converting said multimode brightness output into a single mode output 
having a wavelength Xp U mp; 

inputting said single mode output into an optical amplifier for 
amplifying an optical signal \. 
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8. An optical amplifier pump for pumping an optical amplifier with a pump 

wavelength \>um P , 

said pump including a semiconductor laser which produces a 
wavelength Xj emi ; 

said pump outputting at least 500 mW of light at Xp Um p- 



9. An optical amplifier pump comprising: 

a semiconductor laser which produces a wavelength \\ for pumping Nd 

ions; 

a plurality of Nd ions, which when pumped by said wavelength Xi, 
produces a wavelength X2 for pumping Yb ions; 

a plurality of Yb ions, which when pumped by said wavelength X 2 
produces a wavelength X3 for pumping Er ions. 



10. A method of amplifying a L-band optical signal comprising: 

providing an Er doped optical fiber; 
pumping a neodymium solid state laser with a broad area 
semiconductor laser; 

inputting said solid state laser into said Er doped optical fiber; and 
amplifying a L-band optical signal with said Er doped optical fiber. 
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FIG.3 
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APPARATUS AND METHOD OF PHOTO-SPECIFIC TISSUE 

TREATMENT 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the use of non-coherent 
light in various health-related fields such as medicine, dentistry, and veterinary 
medicine. More specifically, the invention relates to the use of pulsed light to 
treat biological tissue. 

Laser surgery is commonplace in modern dental practice. Reasons 
for laser use include minimization of both trauma during surgery and post- 
operative pain to the patient. Laser light has been used to stop bleeding, to cut 
tissue, to weld, and to coagulate tissue. This light/tissue interaction can cause 
non-specific photo-thermal changes that can result in reflection, absorption, 
scattering, and transmission of the light by the tissue. Details can be found in a 
reference entitled Lasers in Dentistry, by L.J. Miserendino and R.M. Pick, 
Quintessence Books, 1995. 

Lasers can function to concentrate high densities of light energy on 
a very small spot. Very little of this light is diverged because of the coherent and 
collimated nature of laser light. 

Many patents have issued in the field of using laser light as a tool 
in medical applications. Among these include ophthalmic treatments for macular 
degeneration, retinal attachment, and cataract removal. Patents also have issued 
relating to the use of laser light for hair removal, dermatology treatments, scar 
removal, and facial rejuvenation. 

As one example, U.S. Patent No. 5,435,724 to Goodman et al. 
describes dental procedures and apparatus using pulsed ultraviolet light. 
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Specifically, ultraviolet light pulses are used to selectively etch both hard and 
soft tissue in dental procedures. Distinct ablation, or vaporization, thresholds 
exist for each type of tissue. This allows the dentist to perform both hard and 
soft tissue procedures without damaging healthy enamel, dentin, or the like. 

Laser light has been widely applied in dentistry for soft tissue 
treatment and surgery. Laser light customarily is delivered via optical fibers, 
hollow waveguides, or articulated arms. Dental soft tissue treatment may 
include hemostasia coagulation, ablation, and vaporization of soft oral tissue. 
Lasers have been used for periodontal treatment, gingiva surgery, frenum 
surgery, and the like. In fact, laser treatment of maxillary midline firenectomy is 
becoming a standard of care. Post-operative pain is rare when lasers are used for 
this procedure. 

Medical, dental and veterinary procedures that use laser light 
function by raising tissue temperature. The table below indicates the effects on 
tissue as a function of temperature and energy. 





TABLE 1 




Tissue Effect 


Temp (degrees O 


Energy 


fWatts/cm 2> > 






Hyperthermia 


37-50 


<10 


Coagulation 


50-60 


100-500 


Welding 


70-80 


500 


Vaporization 


90-100 


500-1,000 


Carbonization 


100-150 


1,000-5,000 


Rapid Cutting 


>175 


>5,000 
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One advantage of laser soft tissue treatment is that the heat 
generated kills bacteria. It also provides a bloodless operating field, which 
results in less post-operative inflammation and pain. 

Most laser procedures are contact, or near contact, surgeries, 
5 making the collimation feature not critical. In addition, laser light loses its 
coherent upon passage through a fiber optic. Since most dental lasers are 
delivered through fiber optics, the coherent characteristic is not necessary either. 
The important and necessary feature of the delivered light for medical, dental 
and veterinary procedures is its energy density. 

0 In the past, conventional photo-thermal treatment of oral soft tissue 

has been accomplished using only certain approved lasers. These include visible 
light lasers such as argon and infrared lasers such as aluminum gallium arsenide 
diode, Nd: YAG, Ho: YAG, Er:YAG, and C0 2 These devices are very efficient 
in providing the desired photo-thermal effects on soft tissue. 



According to dental and medical authorities, the advantages of 
using lasers, particularly C0 2 lasers, in oral surgery, include excellent 
hemostasis, improved viability during the procedure, minimal damage to 
adjacent tissue, reduced postoperative swelling, pain and infection, and a relative 
absence of scarring and wound contracture. These benefits have been attributed 
to the ability of the C0 2 laser to seal small blood vessels and lymphatics, which 
circumvent some of the inflammatory processes of wound healing. The C0 2 
laser was limited in its early use by its inability to be effective in hard tissue, 
namely bone, enamel, cementum, and dentin. 
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Further work to broaden the application of lasers led to the 
Nd:YAG lasers in the 1980's. Research continues to develop new uses for 
dental lasers, for hard tissue procedures as well as various restorative procedures. 
Some of the procedures may be caries detection and prevention, cutting enamel, 
dentin, and bone, de sensitization of dentin, enamel etching, osteoplasty, and 
osteotomy. 

One drawback of these laser tools is that they are quite expensive 
to pin-chase and maintain. Also, certain lasers equipped with articulating arms 
are often cumbersome. Specifically, C0 2 lasers with articulated arms are often 
difficult to use for dental procedures. Additionally, the C0 2 laser beam is 
invisible. A visible He:Ne laser beam can be built coaxially, for use as an 
aiming device. Aiming an invisible light at soft tissue from a distance is difficult 
and risks adjacent tissue of being inadvertently hit by the laser beam. 

The fact that lasers are monochromatic is an inherent limitation, 
because tissue absorption profiles are polychromatic. Because of this 
discrepancy, lasers offer a less than optimum and limited range of applicability 
in many dental and medical procedures. 

Many medical, dental, and veterinary laser procedures are contact, 
or near contact surgeries, making the collimation feature of laser light not 
critical. In addition, laser light loses its coherent upon passage through a fiber 
optic. Since most dental lasers are delivered through fiber optics, the coherent 
characteristic is not necessary either. The important and necessary feature of the 
delivered light for medical and dental procedures is its absorption by tissue. 
This absorption raises the tissue temperature and causes the tissue effect. 
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Since the absorption profile for all tissues is a broad band of 
wavelengths, the monochromatic feature of laser light is also not necessary. In 
fact, more efficient transfer of energy occurs over the entire bandwidth of the 
absorption profile of the tissue. 



It should therefore be appreciated that there is a need for an 
improved apparatus and related method for treating biological tissue as 
effectively as some of the laser systems described above, but without the 
associated drawbacks. The present invention satisfies this need. 



SUMMARY OF THE INVENTION 



10 The present invention is embodied in an improved apparatus and 

related method for performing medical and/or dental procedures on a target 
biological tissue, with greater efficiency and without undue expense. The 
apparatus includes a light source for emitting a high-intensity light beam having 
an initial polychromatic spectrum, and a light guide having an inlet disposed at 

15 an effective focal position of the light source and a handheld outlet end, of small 
cross-section, configured to be disposed in proximity to the biological tissue to 
be treated. A pulsing device also can be included, for pulsing the light beam 
emitted by the light guide for a selected duration and duty cycle, such that the 
biological tissue being treated undergoes a thermal relaxation response between 

20 successive pulses. In addition, an optical filter can be included for tailoring the 
spectrum of the light beam directed to the target tissue for efficient interaction 
with the tissue. 



In more detailed features of the invention, the apparatus further 
includes an adapter selectively attachable to the outlet end of the light guide, for 
25 directing a portion of the light beam emitted by the light guide to the biological 
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tissue to be treated. This adapter can be configured to carry the optical filter. 
Further, the pulsing device can be configured to allow an operator to 
independently control both the duration and the duty cycle of the successive 
pulses of light emitted by the apparatus. This pulsing device preferably is 
disposed between the light source and the light guide. The light guide preferably 
takes the form of an optical fiber assembly including a bundle of tightly packed 
optical fibers, with the inlet end of the optical fiber assembly having a diameter 
in the range of 1 to 2 mm. 

In other more detailed features of the invention, the apparatus is 
configured to be suitable for use in dental procedures on hard dental tissue, 
including tooth bleaching, curing of dental composite materials, detecting of 
caries, cutting of enamel, dentin and bone, desensitizing of dentin, etching of 
enamel, osteoplasty, ostectomy, shade matching and other cosmetic procedures, 
trans-illumination, imaging and/or illumination. In such applications, the light 
source preferably is selected from the group consisting of halogen lamps, metal 
halide lamps, and plasma arc lamps, and it is configured to produce a light beam 
having a power level in the range of 12 to 500 watts. The polychromatic light 
beam directed to the biological tissue to be treated preferably has a power level 
of at least about 0. 1 watt and includes wavelengths in the range of about 400 to 
750 nm, and it has a photo-specific energy density in the range of 10 to 5000 
watts/cm 2 . 

Other features and advantages of the present invention should 
become apparent from the following description of the preferred embodiment, 
taken in conjunction with the accompanying drawings, which illustrate, by way 
of example, the principles of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified schematic drawing of a preferred 
embodiment of a photosurgery apparatus in accordance with the invention. 

FIG. 2 is a more detailed diagram of the control panel portion of 
5 the photosurgery apparatus of FIG. 1. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

For the purposes of this description, the terms 'medical, ' 'dental' 
and Veterinary' are used interchangeably. Most of the examples will be for 
dental applications of the light apparatus, but it is to be understood that the soft 
10 tissue treatments could be performed on any biological tissue. 

The apparatus of the invention utilizes a special non-laser light 
source that is capable of delivering high power densities of a narrow wavelength 
distribution. The apparatus can perform contact or near contact treatment of 
tissue. The apparatus uses non-coherent visible light transmitted through a light 
15 guide, e.g., an optical fiber assembly, a hollow or liquid-filled waveguide, or an 
articulated arm, to deliver sufficient light energy to the tissue to controllably 
increase the tissue temperature. As can be seen in the above table, the increased 
tissue temperature results in hyperthermia, coagulation, welding, vaporization, 
carbonization, or rapid cutting. 

20 The light source preferably is configured to emit visible light 

having a plurality of wavelengths and combinations of wavelengths in the visible 
and near infrared regions. A preferred wavelength spectrum is in the range of 
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400-750 nm, and preferably centered at about 565 nm. A 100-500 micron filter 
delivering at least 0. 1 watt of continuous or selectively pulsed light to the tissue. 



The apparatus of the invention overcomes the drawbacks 
associated with lasers by providing an inexpensive and versatile alternative to 
achieve comparable photo-thermal treatment. In the present invention, metal 
halide lamps are used which exhibit larger arcs of light energy. To couple a 
significant amount of light energy into a single transmission fiber requires that 
the fiber be larger than 600 microns. A single fiber would be too stiff and/or 
fragile to be used in the desired applications of this invention. In this invention, 
other means are used to transmit large amounts of light energy to tissue. 

The arc sizes of the metal halide lamps used in this invention are 
made by Welch Allyn, Inc., of Skaneateles Falls, New York, and can be easily 
coupled into fiber bundles between 1 mm and 2 mm in diameter. With lamp 
powers of between 12 watts and 500 watts, such lamps achieve efficiencies 
which can provide between 2 to 5 watts of power coupled into and transmitted 
through a fiber optic bundle. The wattage not transmitted through the fiber 
optic bundle is dissipated as heat. 

Coupling large amounts of non-coherent energy through small 
single strand fiber optic cable is known. To maintain flexibility, such single 
fibers must be no larger than 600 microns, typically 400 microns. To 
accomplish this, the energy source must be a short-arc arc lamp, at power levels 
ranging from 12 to 500 Watts, with special large diameter focusing optics to 
couple the required amount of energy into the fiber. The resulting high-intensity 
beam can be directed by the fiber tip directly into or onto tissue to achieve rapid 
photo-coagulation. 
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In this invention, a fiber optic bundle, consisting of many 
individual small diameter fibers configured in a tightly packed optimal 
configuration at the ends, is used to transmit light energy. This results in a fiber 
optic bundle with diameters larger than 600 microns and extremely flexibility. 
5 The end fibers are fused into solid entrance apertures of up to several inches in 
diameter, maintaining flexibility through the bulk of the length of the 
transmission cable and a relatively high transmission efficiency. Such a fiber 
bundle exhibits similar light transmission efficiencies as single fibers, with the 
exception of packing fraction losses. These losses are due to the cladding loss 
10 at the fiber entrance and they can usually be limited to not more than 30 to 35 % 
of the total amount of light transmitted. The increased diameter of the entrance 
aperture and resulting increased coupling efficiency can more than make up for 
this loss. 

The tip of the fiber optic assembly can be a bare fiber, a sculpted 
tip, a tapered fiber optic bundle, a focusing handpiece, or a defocusing 
handpiece, depending on the spot size appropriate for the procedure to be 
performed. A defocused tip allows the light to spread out to a larger spot size. 
Focused light is used when contact surgery is being performed. Defocused light 
is used for illumination and for non-surgical procedures such as dental bleaching, 
shade matching, and curing composite dental resins. The tip of the fiber optic 
assembly also can connect to a cannula, for convenient use in directing the light 
to selected portions of the target tissue. 

In this invention, the larger exit diameters for the fiber conduits (up 
to 600 microns), handpieces which condense the transmitted light energy into 
25 higher intensity spots are required. These handpieces may be disposable or 

removable to facilitate sterilization, and would consist of a lens or mirror which 
redirects the exiting light beam into a tightly focused spot. The lenses are either 
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discrete lenses spaced at an appropriate distance from the fiber exit to reduce the 
image size, or the end of the fiber optic cable can be figured into a focusing lens 
to produce the intense spot of light. Another possible approach for light delivery 
is to use a Selfoc™, or gradient index lens, attached at the end of the fiber optic 
5 bundle to produce the high-intensity spot at a distance from the end of the fiber. 
These approaches produce a high-intensity spot capable of performing dental, 
medical, and veterinary procedures on biological tissue with light at a distance of 
several millimeters to several inches from the fused fiber end of a lamp. 

Yet another embodiment for delivering the light energy to the 
tissue includes a handpiece attached to a fiberoptic bundle, wherein the 
handpiece delivers the light through a focusing lens into a small cannula or 
hollow waveguide or sculptured sapphire tip, all of which could be used in or out 
of contact with the target tissue. The tips or cannulas could be detachable, 
autoclaveble or disposable. This embodiment could be used in contact with the 
tissue, or even in a procedure below the gingival tissue in the sulcus to treat 
periodontal disease and the like. 

As can be seen from Figure 1, the apparatus of this invention is 
enclosed in a housing, which is preferably made of a combination of metal and 
injection molded plastic. The power supply 1 is internal, and may be either 110 
20 or 220 volts. The light source 2, may be visible light such as halogen, metal 
halide, plasma arc or the like with an output of 12 to 500 watts. Multiple light 
sources are also considered to be within the scope of the present invention. 

A pulse device 3 is configured to grate or optically chop the light 
beam emitted by the light source 2, to cause a strobe of the emitted light. The 
25 pulse device controls both pulse duration and duty cycle. Pulsing allows the 
treatment of tissue without anesthetic, which benefits both the doctor and the 
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patient. The light pulses raise the tissue temperature, and the interruptions allow 
the tissue to have a thermal relaxation response. 



A filter 4 filters different portions of the visible spectrum of the 
light emitted by the light source 2. For example, the visible blue range (400-500 
nm) is effective for photopolymerization, and the visible green range (480 -590 
nm) is effective for surgical procedures. The filter can include a series of 
wavelength-specific filters that are actuated by a solenoid (not shown) to move 
them into the optical path. The filtering also can also be accomplished by either 
a filter or an optical coating on either end of the fiber optic delivery guide for 
each individual application. In addition, there may be multiple outlet ports, as 
well as multiple configurations of application-specific fiber optic guides, 
handpieces, and cannulas. 

A control panel 5 allows an operator to control the apparatus using 
either a foot switch 9 or a finger control (not shown) in the handpiece 7. Remote 
control also is an option. The apparatus can operate as a stand-alone unit or it 
can be integrated into multiple operatories. The apparatus also can be integrated 
into traditional dental control units or into a high-tech accessory dental unit. In 
addition, the apparatus can be controlled by a separate foot pedal, or a foot pedal 
connected to a dental chair or a switch in the handpiece of the dental instrument. 

The pulsed light beam generated by the apparatus of this invention 
is delivered to the tissue 10 through the optical fiber assembly 6, the handpiece 
7, and the cannula 8. 

Figure 2 shows a detailed view of the control panel 5. Control 
switches are provided, including a switch 21 to control the power selection, a 
switch 22 to control the selection of pulsing or continuous operation, and a 
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switch 23 to control the selection of color. The color selection switch selects the 
portion of the visible light spectrum that the operator desires to use, such as the 
wavelength range for blue light (400-500 nm) or for green light (480-590 nm), 
as discussed above. 



The apparatus has multiple outlet ports 26, which allow the 
apparatus to be used for soft tissue surgery, photopolymerization, bleaching, 
illumination, caries detection, and shade matching for cosmetic dentistry. This 
feature allows the operator to perform two or more operations simultaneously. 

A reflector (not shown) that is part of the light source 2 has a focal 
point that either is in the longitudinal axis or is off-axis to the hot spot of the 
bulb. The hot spot is a section of the bulb (filament or arc) in which the 
maximum brightness occurs. This is substantially brighter than other sections of 
the light source. The bulb preferably is positioned so that this hot spot is 
coincident with the reflector's focal point. 

The patient contact tool (i.e., the handpiece 7 and the cannula 8) 
may be detached from the optical fiber assembly 6 and sterilized in an autoclave, 
whereas the fiber optic guide may be autoclavable or disposable. 

A microprocessor (not shown) controls the apparatus' various 
operating parameters, based on inputs from the control switches, etc. In 
addition, the microprocessor can select pre-set operating parameters and 
automatic default settings for specific applications, as desired by a user. 

The microprocessor also may be coupled to one or more remote 
microprocessors, to allow the tool to be controlled at a site remote from the 
patient. 
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Although the invention has been described in detail with reference 
only to the presently preferred embodiment, those skilled in the art will 
appreciate that various modifications can be made without departing from the 
invention. Accordingly, the invention is defined only by the following claims. 
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1 . A method for performing medical and/or dental procedures 
on a target biological tissue, comprising: 

aiming a high-intensity, polychromatic light beam onto the target 
biological tissue, to heat the tissue and induce a photo-thermal effect therein; and 

pulsing the light beam for a selected duration and duty cycle, such 
that the tissue undergoes a thermal relaxation response between successive 
pulses. 



2. A method as defined in claim 1, wherein aiming comprises 
directing the light beam through a light guide having an outlet end disposed 
adjacent to the target biological tissue. 

3. A method as defined in claim 2, wherein pulsing includes 
periodically intemipting the light beam prior to its being directed through a light 
guide in directing. 



4. A method as defined in claim 1, and further comprising: 
generating a light beam having an initial polychromatic spectrum; 

and 

filtering the light beam to remove a portion of its initial 
polychromatic spectrum prior to aiming. 

5. A method as defined in claim 1, wherein the method is 
effective as a dental procedure on hard dental tissue, including tooth bleaching, 
curing of dental composite materials, detecting of caries, cutting of enamel, 
dentin and bone, desensitizing of dentin, etching of enamel, osteoplasty, 
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osteotomy, shade matching and other cosmetic procedures, trans-illumination, 
imaging and/or illumination. 



6. A method as defined in claim 1, wherein the method 
delivers sufficient energy to the target biological tissue to raise the tissue to a 
temperature in the range of 37° to 175° C. 

7. A method as defined in claim 5, wherein the polychromatic 
light beam aimed at the target biological tissue has a power level of at least about 
0. 1 watt and includes wavelengths in the range of about 400 to 750 nm. 

8. A method as defined in claim 7, wherein the light beam 
aimed at the target biological tissue has a photo-specific energy density in the 
range of 10 to 5000 watts/cm 2 . 



9. A method as defined in claim 1, wherein: 

the method is effective as a dental procedure on soft biological 

tissue; and 

the light beam aimed at the target biological tissue has a photo- 
specific energy density sufficient to cause hyperthermia, coagulation, welding, 
vaporization, carbonization, and/or rapid cutting. 

10. Apparatus for use in treating biological tissue, comprising: 
a light source for emitting a high-intensity light beam having an 

initial polychromatic spectrum, wherein the light source directs the light beam to 
an effective focal position; 

a light guide having an inlet end disposed at the effective focal 
position of the light source and further having a handheld outlet end, of small 
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cross-section, configured to be disposed in proximity to the biological tissue to 
be treated. 



11. Apparatus as defined in claim 10, and further comprising: 
a pulsing device for pulsing the light beam emitted by the light 

guide for a selected duration and duty cycle, such that the biological tissue being 
treated undergoes a thermal relaxation response between successive pulses; and 

a filter for removing a portion of the initial polychromatic spectrum 
of the light beam. 

12. Apparatus as defined in claim 1 1, and further comprising an 
adapter selectively attachable to the outlet end of the light guide, for directing a 
portion of the light beam emitted by the light guide to the biological tissue to be 
treated. 

13. Apparatus as defined in claim 12, wherein the filter is 
carried by the adapter. 

14. Apparatus as defined in claim 1 1, wherein the pulsing 
device is configured to allow an operator to independently control both the 
duration and the duty cycle of the successive pulses of light emitted by the 
apparatus. 

15. Apparatus as defined in claim 1 1, wherein the pulsing 
device is disposed between the light source and the light guide. 

16. Apparatus as defined in claim 10, wherein the apparatus is 
configured to be suitable for use in dental procedures on hard dental tissue, 
including tooth bleaching, curing of dental composite materials, detecting of 
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caries, cutting of enamel, dentin and bone, desensitizing of dentin, etching of 
enamel, osteoplasty, ostectomy, shade matching and other cosmetic procedures, 
trans-illumination, imaging and/or illumination. 



17. Apparatus as defined in claim 16, wherein the light source 
is selected from the group consisting of halogen lamps, metal halide lamps, and 
plasma arc lamps. 



18. Apparatus as defined in claim 16, wherein the light source 
is configured to produce a light beam having a power level in the range of 12 to 
500 watts. 



19. Apparatus as defined in claim 16, wherein the 
polychromatic light beam directed to the biological tissue to be treated has a 
power level of at least about 0. 1 watt and includes wavelengths in the range of 
about 400 to 750 nm. 



20. Apparatus as defined in claim 19, wherein the 
polychromatic light beam directed to the biological tissue to be treated has a 
photo-specific energy density in the range of 10 to 5000 watts/cm 2 . 



21. Apparatus as defined in claim 10, wherein the light guide 
comprises an optical fiber assembly. 



22. Apparatus as defined in claim 21, wherein: 
the optical fiber assembly includes a bundle of tightly packed 
optical fibers; and 

the inlet end of the optical fiber assembly has a diameter in the 
5 range of 1 to 2 mm. 
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DEVICE FOR THE THERAPEUTIC AND COSMETIC PHOTO-PROCESSING OF BIOLOGICAL 
TISSUES AND METHOD FOR USING THE SAME 

The present invention relates to a method and an apparatus for permanently or temporarily removing 
human hair, for miniaturising the sane or for changing the colour thereof. This apparatus can also be 
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(57) Abstract 



The present invention relates to a method and an apparatus for permanently or temporarily removing human hair, for 
miniaturising the same or for changing the colour thereof. This apparatus can also be used for coagulating blood vessels, veins or a 
selective injury of the derma collagen in order to regenerate the same. This apparatus uses one or more incandescent lamps (4) in 
which the radiation spectrum (34) can be modulated in order to heat slowly and efficiently the derma (17) and in order to heat locally 
the hair follicles (35). This apparatus also includes an optical system that converts the blue-green portion on the spectrum of the 
incandescent lamps (4) into a red region of the spectrum, that provides a highly efficient concentration of converted radiation from the 
incandescent filament (37) of the lamps (4) on the area of biological tissues to be treated, and that ensures a repeated recirculation 
towards the skin (17) of the radiation scattered by the same. 



(57) PecfrepaT 



npe/yiaraeTCH npuSop m npoqecc Jinn nocTOflHHoro m 
BpeMeHHoro yjaa/ieHMfl He/iOBenecKi/ix bojioc, fix MHHnaT»opn3auni/i v\ 
n3MeHeHHR uBeia. ripn6op MOxeT ncno/ib30BaTbcq TaK>Ke jxnn 
Koary/iRunn kpobahnx cocyAOB, BeH n ce/ieKTi/iBHoro noBpexaeHi/iH 
KormareHa AepMnca c ue/ibHD ero pereHepauyin. B np^Sope 
ncno/ib3yeTC5R ojxna win HecKo/ibKo nawin HaKa/iUBaHna (4) c 
MOAy/iaunefi cneKTpa n3/iyHeHna (34), o6ecneMHBaKDmero 
34)4>eKTMBHbiM MarKi/M HarpeB .aepMnca (17) n jioKa/ibHbiM HarpeB 
BO/iocqHOM c^o/i/iUKy/ibi (35). npn6op cojaepxMT omviHecKyio cucrreMy 
o6ecneHMBafOLuyto npeo6pa30BaHMe cnHe-3e/ieHoi/! nacTn cneKTpa 
naMnbi HaKa/ii/iBaHi/m (4) b KpacHyfo odnacib cneKTpa, a TaKxe 
BbicoKoact)(J)eKTHBHyfo KOHueHTpam/iio npeo6pa30BaHHoro ^3/iyHeHfm 
huth HaKa/ia (37) JiaMn (4) Ha o6pa6aTbtBaeMy*o 06/iacTb 6noTKaHfi 
(17) n MHoroKpaTHyio ui/ipKy/iflu^K) i/i3/iyHeHHfl pacces^HHoro ot kcoki/i 
(17) oSpaTHo b KO>Ky (17). 



Koflbi, Hcnojn>3yeMbie pa o6o3Ha x ieHHH cipaH-HJieHOB PCT Ha thtyjibhbix jmcrax 6ponnop, b kotopmx ny6jiH- 
KyiOTca MeacAyHapoflRbie 33hbkh b cootb6tctbhh c PCT. 
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YcTpoiicTBO A/ifl TepaneBTMsecKoii h KocMeTojiorMHecKoft 
4>oToo6pa6oTKM 6n oTKaHew m cnoco6 ero Hcnojib30BaHiifl 

06/iacTb TexHMKH 
M3o6peTeHne othochtch k MeAWUMHCKoCi TexHUKe m MoxeT 

5 npuMeHPiTbcfl b AepMamnorw/i ann nocTOHHHoro n BpeMeHHoro 
yAaneHnq He/ioBesecKHX bojioc, hx MHHi/iaTiopi/i3aunn n n3MeHeHnq 
UBeia, a TaioKe pj]n Koarynam/ii/i KpoBeHocHbix cocyAOB n ce/ieicrnBHoro 
noBpe>KA©Hi/ifl Ko/inareHa m noAKOXHoro xnpa. 

ripeAUiecTByiomufi ypoBeHb TexHUKU 

10 H3BecTHbi ycTpofiCTBa (J)OTOo6pa6oTKH SnoTKaHew, pa6oTa 

KOTopwx ocHOBaHa Ha ce/ieKTi/iBHOM HarpeBe >KenaeMOM o6/iacTi/i 
SnoTKaHU (koxh, KpoBeHOCHoro cocyAa mjua bo/iochhom cfeojuiwcyjibi). B 
KanecTBe hctohhwo H3/iyHeHHH b stux ycTpoMCTBax ncno/ib3yioTCfl 
/ia3epbi i/i/iM AyroBbie naMnbi. 

15 B ochobhom A/ifl ce/ieKTHBHoro HarpeBa ncno/ib3yioTCfl 

/ia3epHbie mctohhmkh CBeTa. 3to cB*3aHo c TeM, hto jia3ep 
o6ecnesnBaeT Han/iyHiuyio cneicrpajibHyto ceneKTMBHOCTb. KpoMe Toro 
Jia3ep, no3BojiseT no/iynnTb /no6yio AnnTe/ibHocTb nMny/ibca Bn/iOTb ac 
HecKO/ibKUX 4>eMTOceKyHA, n TeM caMbiM, o6ecnewnTb ceiieiornBHbiu; 

20 HarpeB 6uojiornHecKi/!x cTpyioyp JiioSbix pa3MepoB. ktaJiyseHne /ia3epa 
nerKO (^oKycwpyeTCfl b Ma/ibiM o6beM. 3to no3BO/iaeT AocTHHb 
xanaeMoro ypoBHH nnoTHocTn SHeprnn, a Tao<e o6ecnesnTb BbicoKyio 
3c})c})eKTMBH0CTb BBOAa i/13/iyseHHfl b onTi/isecKoe BO/IOKHO \A AOCTaBKy 
ero k onepaunoHHOMy no/iio. B to xe BpeM* Jia3ep HB/ifleTca caMbiM 

25 AoporocTo^muM mctohhukom CBeTa i/i o6naAaeT noBbiiueHHOM 
onacHocTbio npe>KAe Bcero Arm 3peHna nonb30BaTe/iq. 

J\nn paua npuMeHeHnw bo3moxhocth ce/ieKTHBHoro na3epHoro 
HarpeBa He hbjihiotch Heo6xoA^MbiMH n MoryT 6biTb ocymecTB/ieHbi 
HeKorepeHTHbiMM i/icTOHHi/iKaMM, HanpuiMep, ziaMnoM. Ilpn stom, Afifl 

30 cneicrpanbHOM ce/ieKUHH ncno/ib3yeTCfl no rno maraud unw 
(JxnyopecueHTHbiw $njibTp. B naTeHTe CLUA .Nk3, 327,7 12 npeA/ioxeHo 
ncno^b30BaTb AyroByio JiaMny, c cf)n/ibTpoM b o6/iacTH 300-^600hm u 
AOCTaBKoCi H3JiyseHHfl no xryTy bo/iokoh, Ana Koaryrmui/in TKaHeCi, a b 
naTeHTe CLLIA ^4,298,005 - ycrrpoCicTBO coAepxamee AyroByio JiaMny, 

35 OTpaxaTe/ib m cneicrpa/ibHwii $n/ibTp b A^ana30He 320-450 hm a/ih 
KOCMeTO/iornnecKnx npi/iMeHeHW/i. 3to ycTpoficTBo He TpeSyeT 

BOJlOKOHHOfi AOCTaBKM 1/13/iyHeHHfl. 

B naTeHTe CLUA Xi>5,320,618 oni/icaHo ycTpoticTBO, b kotopom 
Ann cenemvuA n3/iy4eHi/m AyroBOM naMnbi ucnonb3yeTCH 

40 0/iyopecueHTHbiM (JwnbTp. O/iyopecueHTHbiCi 4)M^bTp nomomaeT 
3Heprnio KopoTKOBo^HOBofi sacTn cneKTpa naMnbi, KOTopaa He 
B03AewcTByeT Ha MnaieHb i/i nepen3JiynaeT ee b AnuHHOBo/iHosyio 
o6/iacTb, An« kotopom nor/iomeHne MumeHu MMeeT 3HasnTenbHyio 
Be/iUMUHy. B naTeHTe CLUA ^3,693,623 enepBbie npeA^oxeHO 

45 ncno/ib30BaTb AyroByKD naMny c 3e/ieHbiM cf)n/ibTpoM n aoct3bkoCi 
M3/iyHeHH« no onTunecKOMy so/ioKHy a/ir yAaneHnq eAUHUHHoro BO/ioca 
nyTeM Koary/iqunn KpoBeHocHbix cocyAOB b nann/i/ie. 

06mnw HeAOCTaTOK npuBeAeHHbix Bbiwe naTeHTOB coctomt b 
tom, hto onucaHHbie b hmx ycTpowcTBa coAepxaT AyroByio ziaMny, 
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KOTopaa b 006 me roBopn, jxemesne n npome /ia3epa, oAHaico Tpe6yeT 

BblCOKOBO/JbTHblX CM/lbHOTOMHblX MCTOMHUKOB FIMTaHMR H He MOXeT 

3Kcnjiya™poBaTbca b AOMaiuHnx yc/ioBnax \ah\a b KOCMeTunecKux 
ca/ioHax. KpoMe Toro, npn6op Ha ocHOBe AyroBow jiaMnbi HMeeT 

5 BeCbMa HM3KyiO a^eiCTMBHOCTb. 3T0 CB83aH0 C TeM, HTO 

3ct><}>eKTUBH0CTb npeo6pa30BaHt/iq 3/ieKTpi/iHecKofi sHeprnn b hux b CBeT 
He npeBbiLuaeT 60%, a nnoTHocTb moiahoc™ Ha BHeniHeM noBepxHoc™ 
n/ia3MeHHoro cTo/i6a i/i3-3a Ma/ioro Kosc^^nuneHTa "nepHOTbi" i/iMeeT 
He6o/ibLuyio Be/iMMi/iHy, hto orpaHWHUBaeT MaKcuMa/ibHbiti rotok, 
10 naAaiomni/i Ha noBepxHocTb koxh. 

Ajih C03A3HMR MaKCHManbHo AeweBbix <t>oT03nn/iqTopoB \A 
c})OTOKocMeTHHecKMX npw6opoB b HacTo^mee BpeMq Han6o/iee 
noflxoA^muM hctohhukom CBeTa HB/ifleTcq ziaivina HaKa/inBaHi/iH. /laMna 
HaKa/11/iBaHi/iH MoxeT nunaTbcq 6e3onacHbiMM arm ne/iOBeKa 

15 l/!CTOHHHKaMI/l C HM3KMM HanpHXeHHeM, a SCjX^eKTHBHOCTb 

npeo6pa30BaHwq ariG^rpi-v^ecKoCi 3Heprnn b CBeTOByio y jiarvinbi 
HaKa/inBaHna Bbiwe, neM y AyroBbix /iaMn (0,85 m 0,6 cooTBeTCTBeHHo). 
Cneiapa/ibHaa 3(})(})eKTHBH0CTb naMnbi HaKa/iMBaHwa jwn ci/iHero m 
3e/ieHoro Anana30Ha Hfixe neM y AyroBoi/i n3-3a orpaHnneHHoi/i 

20 TeMnepaTypbi h\ai\a (< 3800°K) t OAHaico b Anana30He jxtwah bojih, b 
kotopom Han6o/iee 3$(J)eKTHBH0 noBpexAaeTCfi bo/ioc (6onbwe 
600hm) cneicrpa/ibHas 3c})4)eKTHBH0CTb He ycTynaeT sctx^eiawBHOCTn 
AyroBbix /iaMn c tow xe uBeTOBOM TeMnepaTypow. H/ioTHOcTb 3Heprnn 
Ha noBepxHoc™ hutw HaKa/ia Bbiwe neM Ha noBepxHocTn n/ia3MeHHoro 

25 CTOiiSa, hto no3BO/iqeT AocTi/iHb 6o/ibtuei4 n/ioTHOCTM 3Hepri/jn Ha 
noBepxHoc™ koxi/i. JlaMna HaKannBaHna b otjimhw/i ot AyroBOM JiaMnbi 
He MoxeT 3c})c})eKTMBH0 ^3/iysaTb nMny/ibCbi Kopone 50mc, hto oSbiHHO 
Heo6xoAHMO jxnn cejiexn/iBHoro HarpeBa o6nacTH Bo/iocaHoro cmn6a 
\asva nanmi/ibi b oco6eHHocTn Ana tohkhx bo/ioc \au\a to h koto cjioa 

30 AepMnca, noAKOXHoro xupa win KpoBeHocHbix cocyAOB. riosTOMy t\nn 
C03AaHnn AetueBoro v\ 6e3onacHoro npn6opa a/ih yAa/ieHwa bo/ioc Ha 
ocHOBe /latvinbi HaKa/ii/iBaHi/iq HeoSxoAUMo o6ecnenwTb 
Aono/iHMTe/ibHbie npneMbi noBbiweHt/ia 3(|)(t>eiornBHoc™ B03AeMCTBna, 
hto n BBJiqeTca npeAMeTOM HacToatuero n3o6peTeHi/m. 

35 Haw6o/iee 6/ih3Kmm k npeAnaraeMOMy ycTpoficTBy 1/1 BbiSpaHHbiM 

b KanecTBe npoTOTuna mmejcn ycTpoficTBo jxnn KoaryjiaunH 
KpoBeHocHbix cocyAOB ( naT. CLUA A r o4.539.987 onyS/ii/iKOBaH 
10.09. 1985r.). 

3to ycTpowcTBo coAepxnT hctohhuk 3/ieiapoMarHMTHoro 
40 n3/]yneHMq b Bi/iAe ziaMnbi HaKa^nBaHnq, pec|)TieKTop pj\9\ KOHueHTpaunn 
H3^yneHHH Ha o6pa6aTbiBaeMyio oS^acTb Si/iOTKaHU, npn stom Me>KAy 
nahAnoiA HaKa/iUBaHUH n o6pa6aTbiBaeMOii 6noTKaHbra noMemeH 
KpucTa/iAMHecKi/iti AM3/ieKTpiiK npo3paHHbifi j\nn n3/iyneHnq n 
HaxoA^mnMCfl b KOHTaKTe c o6pa6aTbiBaeMow SnoTKaHbio. 3tot 
45 KpucTa/i/iMHecKWw 3/ieMeHT. coeAMHeHHbiR c cucTeMOM oxna>KAeHnq 
\atua Ten/ioeMKOM MaccoM, npeAHa3HaneH aa« otboas Ten^a ot 
npunoBepxHOCTHoro cnon koxm. MexAy ziaMnoM m npo3paHHbiM 
AnajieiopuKOM MoxeT 6biTb noMemeH nornomaioLAUM c^n/ibTp, 
nponycKaiomuM n3/iyHeHwe b o6/iacTH 600-1400hm. B ycTpoCicTBe 
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ncno/ib3yeTCH jiaMna HaKa/inBannq c 3/ieKTpnHecKOM MomHocTbio 
6o/iee 15Bt, c n/iOTHocTbio moluhocti/i Ha noBepxHocTi/i 
o6pa6aTbiBaeMow 6noTKaHi/i 6o/iee 10Bt/cm 2 . PeKOMenayeMaq b stom 
naieHTe n/ioTHOcTb moiuhoctm cocTaB/iqeT 150Bt/cm 2 , A/iq nero 

5 npeAnonaraeTCfl b ycTpowcTBe ncno/ib30BaTb jiaMny HaKa/iwBaHnq c 
MaKCHMa/ibHOM a^eiapusecKOM MomHocTbio nop^flKa 400 Bt , KOTopaq 
pa6oTaeT b o6bNHOM HenpepbiBHOM pexuMe c BpeMeHeM B03AewcTBnq 
oko/io 2 ceK. Koary/iqui/iq KpoBeHocHbix cocyAOB ocymecTB/iqeTcq 
r/iaBHbiM o6pa30M 3a cneT nomoineHnq n3/iyseHnq ziaivinbi boaow, 

10 coAepxameticq b Koxe. 

HeAOdaTKOM 3Toro ycTpowcTBa qB/iqeTcq HenpuroAHocTb nnn 
3c})ct)eKTMBHoro /lOKa/ibHoro HarpeBa Bo/ioca \asua Me/iKoro 
KpoBeHocHoro cocyAa, tohkoto c/ioq AepMi/ica n/in noAKoxHoro xi/ipa. 
fleficTBMTe/ibHo, KaK noKa3aHo b naieHTe CLLIA Xs>5735344 ony6/i. 

15 07.04. 1998r., j\nn nopaxeHi/m Bo/ioca Heo6xoAHMO M3^yneHne c 
!U\\aho\a BOJiHbi ot 600-H100hm, c n/ioTHOdbio sHeprnn He MeHee 
10flx/cM 2 npn AnnTe/ibHoc™ uiMny/ibca 1-20 mc. TaKUM o6pa30M 
n/ioTHOcib moiuhocth b stom Anana30He AO/ixHa SbiTb He MeHee 
500Bt/cm , hto 3HaHMTe/ibHo Bbinie, neM MoxeT 6biTb no/iyneHO c 

20 ucno/]b30BaHneM jiaMnbi HaKa/iMBaHM9 c MaKCHMa/ibHoCi 3/ieicrpnMecKoti 
MomHOCTbio 400BT b HenpepbiBHOM pexi/iMe, npM AnaMerpe 
ocBemeHHoCi 30Hbi Ha noBepxHoc™ 6noTKaHH 25 mm. 3aMeTHM, hto 
HOMUHa/ibHaq MomHOCTb 400Bt qB/iqeTcq npaicrnHecKUM npeAe/iOM nnn 
MHHuanopHbix ra/ioreHHbix jiaMn, i/13/iyneHne KOTopwx MoxeT 6biTb 

25 CKOHueHTpupoBaHO Ha He6onbLuoM ( 010-25 mm) n/iomaAKe. Ilpw stux 
yanoB^mx CBeTOBaa MOiAHocTb b 06/iacTn cneiapa 600-1400hm Ha 
noBepxHoc™ 6noTKaHH He 6yAeT npeBbiwaTb 150 Bt (no/iHaq cBeTOBaq 

SCj^eKTHBHOCTb 0.8, 3$4>eKTHBHOCTb OCBeTHTe/lR 0.8, Ao/iq CBeTOBOrO 

H3jiyneHnq b o6jiacTi/i 600-1400 hm - 0.6: 0.8-0. 8-0. 6=0. 4), a 

30 n/lOTHOCTb MOLUHOCTH - 40BT/CM 2 , HTO OriHTb T3KU 3HaHMTenbHO Huxe 

HeoSxoflfiMbix 500Bt/cm 2 . 06paTHbiM pacneTOM zierKo y6eanTbcq, MT0 
Heo6xoAMMaq MoiunocTb JiaMribi Ao/iXHa cocTaB/mTb 6onee 6kBt. 

Han6o/iee 6tih3khm k npeAnaraeMOMy cnoco6y i/icno/ib30BaHi/iq 
3aqB/iqeMoro ycTpowcTBa, n npuHqTbiM b KanecTBe npoTOTuna, 
35 qB/iqeTcq cnoco6 yflajieHwq bojioc, onMcaHHbiui b BbiiueynoMqHyTOM 
naTeHTe (cm. RaTeHT CLUA >fc5735844 onyS/i. 07.04.1998r,). B stom 
cnoco6e ncnojib3yioTcq KopoTKne cBeTOBbie nMny/ibCbi A/MTe/ibHocTbio 

OT 2 AO 100 MC C HaCTOTOM C/ieAOBaHHq 1 TU H A/WHOM BO/lHbl b 

Anana30He ot 680 ao 1200hm b coneTaHnu c ox/iaxAeHneM 
40 snuAepMnca. CymHOCTb npoTOTuna coctomt b tom, hto b yKa3aHH0M 
Anana30He ahuh bojih MenaHUH, coAepxamnMcq npenMymecTBeHHo b 
MaTpuKce KJieTOK Bo/iocqHoi?i fyonniAKynbi n cTBo/ie Bo/ioca, o6najxaer 
6onee bhcokum nor/iomeHneM neM Bee ocTa/ibHbie KOMnoHeHTbi koxh. 

ri03T0My B03MO>KeH Ce/ieKTHBHblUI HarpeB BO/lOCqHOM ({DO^/lUKy/lbl H 

45 nopaxeHne ee opraHOB OTBeTCTBeHHbix 3a pocT Bo^oca: MaTpMKca 
icneTOK b o6/iacTM nannn^bi v\ CTHM-icneTOK b o6nac™ cTBo/ia Bo/ioca. 
TaK K3K Me/iaHMH coAepxnTcq TaioKe Ha rpaHnue AepMnca n 
snuAepMnca, to npt/i nopaxeHnn 4)o/i/inKy^bi bo3mo>kho 
OAHOBpeMeHHoe nopaxeHne snuiAepMMca, HanpuMep ero oTc/ioeHne. 
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Ana npeAOTBpameHMq nopaxeHun annAepMnca b stom cnoco6e 
ncno/ib3yeTCfl npeABapi/rre/ibHoe n OAHOBpeMeHHoe co cBeTOBbiM 
B03flei4CTBneM ox/iaxAeHne 3nnAepMnca. Cnoco6 yjxanenm bojioc, 
onucaHHbiw b 3tom naieHTe, npeAHa3HaseH jinn OAHOBpeMeHHotf 

5 06pa60TKM OAHUM CBeTOBbIM MMny/lbCOM HeCKO/lbKHX BOJIOCflHblX 

c})o/iJiMKy/i. n/i0TH0CTb 3Heprnn onTMMecKnx HMny/ibcoB .nexi/iT b 
npenenax or 10 ao 200 Ax/cm 2 , m npeAno/iaraeTCH wcno/ib30BaHne 
JiioSbix HMny/ibCHbix mctohhukob 3/ieKrpoMarHMTHoro i/13/iyHeHHfl, 
BK/iioHaq Jia3epbi n HeKorepeHTHbie mctohhukm, c yKa3aHHbiMH Bbiiue 
10 napaMeTpaMH. 

HeflocTaTKOM npoTOTuna cnoco6a HB/iaeTca HeAocTaTOHHaa 
3c})ct)eKTHBH0CTb ncno/ib30BaHi/m 3/ieKTpoMarHHTHofi sHeprnn npn 
o6pa6oTKe n3-3a HeonTHMa/ibHoro pexuMa bo3agmctbmr Ha 6noTKaHb 
onTusecKnx HMny/ibcoB c BbicoKoR rmoTHocTbio SHeprnn. 

15 PacKpbiTue n3o6peieHnq 

3aAaHew, Ha peweHne kotopom HanpaB/ieHO npe/yiaraeMoe 
M3o6peTeHne, HB/iaeTcq yAeweB/ieHne ycipoMCTBa c OAHOBpeMeHHbiM 
noBbiiueHneM sc^cfcieiomBHocTi/i \a 6e3onacHocTH nopaxeHnq Bo/iocqnoM 
<t>oji/ii/iKyjibi twn nepMaHeHTHoro ee noBpe>KABHM9 mjim 3aAep>KKU 

20 poda, MMHnaTiopM3aunii win ocBeT/ieHu^ Bonoca, a TaKxe Koary/iHuni/1 
KpoBeHOCHbix cocyAOB m ce/ieianBHoro noBpexgaem/m Ko/i/iareHa koxi/i 
win noAKO)KHoro aoipa. 

AaHHaq 3aAasa pewaeTca 3a cseT AOCTuxeHnq TexHunecKoro 
pe3y^bTaia t 3aiaiioHaiomerocq b oniMMa/ibHOM ncno/ib30BaHnn cbomctb 

25 o6pa6aTbiBaeMOM 6noTKaHH, 3aioiioHa»omeMCR b M3MeHeHHH ee 
cocTOHHi/ifl b 3aBMCMM0c™ ot BpeivieHM, sHepn/in \a cneKTpa 
B03fleMCTByiomero mnynenm, 

Rnn AocTMxeHMR yKa3aHHoro TexHi/isecKoro pe3y/ibTaTa jiaMna 
HaKaxinBaHnq, KOTopaa HB/iaeTca hctoshwkom 3/ieKTpoMarHt/iTHoro 

30 H3/iyneHHR b npej^iaraeMOM ycipowcTBe coeAHHeHa c 6/iokom nwaHi/m 
sepe3 MOAynRTop. 3tot MOAy/iRTop coAepxm H3MepuTe/ib 
conpoTHB/ieHnq hutm HaKa/ia ziaMnbi w pery/iflTop moiuhocth, hto 
no3BOjifleT o6ecneMMTb orrmMaflbHbifl pexi/iM o6pa6oTKM SnoTKaHefi. 
BHyTpeHH^q noBepxHocib pe^/ieiaopa, npeAHa3HaHeHHoro j\nn 

35 KOHueHTpauwn ns/iyseHUR jiaMnbi Ha 6noTKaHb, Bbino/iHeHa 3epKa/ibHotf 
c <t>yHKi_u/ieM B03BpaTa n3jiyHeHna, OTpaxeHHoro ot o6pa6aTbiBaeMOM 

6H0TKaHH, 06paTH0 B 6H0TKaHb. 3TO n03BO/1ReT 3HaHHTeJlbH0 nOBblCHTb 
3(}>(J)eKTHBHOCTb (f)yHKUMOHMpOBaHHq ycTpoftcTBa. 

B KOHTaiae c o6pa6aTbiBaeMow TKaHbio npn pa6oTe ycipoticTBa 
40 HaxoAHTca oxnaxAaeMaq Ans/ieiopuHecKaq npn3Ma, npeACTaB/iaioLuafl 
co6oCi BO/iHOBOA- C ue/ibKD o6ecneHeHHH Aono/iHHTe/ibHofi 
6e3onacHocTn o6pa6oTKM k stow Ans/ieicrpi/iHecKofi npn3Me Bn/iOTHyio 
npucoeAMHeHa MerannmecKan nnacTMHa, KOTopa^ Tao<e HaxoAmcq b 
KOHTaicre c o6pa6aTbiBaeMoCi TKaHbio u coeAHHeHa c cucreMoCi 
45 ox^axAeHH*. flpn stom npn o6pa6oTKe TKaHM ycTpowcTBO 
nepeiviemaeTcq TaK t hto Heo6^yneHHbiM ynacTOK koxh CHasa^a 
conpuKacaeTCR c MeTa/i/ii/iHecKoft n/iacTHHow, a 3aTeM c Ans/ieiapuKOM. 

B ycTpoticTBe npeAycMOTpeH TaKxe cneKTpa^bHbiw 4>MiibTp f 
nomomaKDLULiCi BpeAHoe ajih SnoTKaHU M3/iyMeHMe t KOTopbiw c 
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AHS/ieKTpunecKi/iM a/ieMeHTOM o6pa3yeT onTusecKuPi bojihoboa. 3to, b 
coMeraHnn co cct>epnHecKoi7i BHyTpeHHei/i noBepxHOdbio pecj^/ieiaopa n 
KOHMMecKOM Sokobom ero noBepxHocTbio oSecnesi/iBaeT B03BpaT 
n3/iyMeHMq, oTpaxeHHoro ot SnoTKaHM, oSpaTHO b SnoTKaHb. 

5 Aono/iHUTe/ibHo, BHyTpeHHe npocTpaHCTBO pecjxneicropa MoxeT 

6biTb CHa6xeHo cucTeMOM B03AywHoro oxna^eHMR. 

KpoMe OTAe/ibHoro cneicrpa^bHoro cfinnbTpa 6a/inoH JiaMnbi 
HaKannBaHU^, 3epKajibHoe noKpbrrne BHyTpeHHefi noBepxHOCTH 
pect/ieiaopa, MoryT 6biTb Bbino/iHeHbi c <byHK\jy\e\A /iiOMUHecueHTHoro 

10 cneicrpa/ibHoro npeo6pa30BaTe/iq. 

BbiTOBOM BapnaHT npejomaraeMoro ycTpoficTBa Ana, Hanpi/iMep, 
yaanenvin Bonoc b AOMawHiix yc/ioBi/iax MoxeT 6biTb Bbino/iHeH b bha© 
"mnnuoB", 3axBaTbiBatoiunx cj^parMeHT ko>kw c bo/iochhoCi <£ojini/iKyjioi/i 
c yneTOM KOHueHipaunn i/i3/iyneHi/iR Ha hux b coMKHyTOM coctohhi/ih 

15 mnnuoB. npoc{)eccnoHaribHbiw BapnaHT npeA/iaraeMoro ycTpoflcTBa 

MOKeT 6b!Tb BbinO/lHeH C HCnOJlb30BaHHeM HeCKOJlbKHX MUHl/iaTlOpHblX 

JiaMn c HanpaxeHneM nuTaHUH Huxe 40B. BbiTOBOM BapnaHT 

npeA/iaraeMoro ycTpoMCTBa Moxer coAepxaTb OAHy Mi/iHuaTiopHyio 

ziaMny c HanpaxeHHeM nwaHUfl ao 40B. 
20 Cnoco6bi wcnojib30BaHHfl npeAflaraeMoro ycipoCicTBa txnn 

o6pa6oTKH pa3/inHHbix SnoTKaHew oTrn/isaiOTCH BpeMeHeM 

B03Aei4CTBHR ( cneiapajibHbiM Anana30HOM n BpeMeHeM o6/iyHeHi/m. 

ripi/iseM npeABapme/ibHO nponcxoAUT ox/ia>KAeHi/ie o6pa6aTbiBaeMOW 

noBepxHocrrn, a 3aTeM o6/iyseHMe b ABe cfc>a3bi. McK/iKDseHneM nsnneicn 
25 anynaM noBpe>KAeHMR KO/i/iareHa AepMnca c ue/ibio CTHMy/muwn ero 

pereHepaunn hjih noBpe>KAeHna cjioh noAKoxHoro xnpa. 

B npeAJiaraeMOM ycTpowcTBe ncno/ib3yfOTCfl JiaMnbi 

HaKa/iUBaHi/m 1/1 MOAy/iHTop TOKa \asma HanpaxeHMR, KOTOpblft H3MeHqeT 

cneiap n3/iyHeHi/m 

30 JiaMnbi bo BpeMeHU TaK, hto BHana/ie B03AeficTBHH cBeTa Ha Koxy 
(nepBan c£>a3a - npeAHarpeB) MaKCHMyM n3jiyseHnq cocpeAOToneH b 
6/in>KHeM MK Anana30He, a b KOHue bosabmctbh^ oh cMemaercfl b 
KpacHyio o6/iacTb cneiarpa ( BTopaa c{)a3a - nopaxeHne). Ha nepBoti 
4>a3e nponcxoA^T HarpeB AepMuca 3a cseT nor/iomeHUfl H3/iyHeHHfl 

35 boaom, coAepxameMCfi b AepMwee, ao TeMnepaTypbi He npeBbiwaiomefi 
TeMnepaTypy ero AeHaTypaui/w 45-55°C. Ha btopom ct)a3e, npi/i 
CMeiueHUM MaKcuMyMa cneicrpa M3/iyMeHnq b KpacHyio o6/iacTb 
cneiapa, npowcxoAUT ceneKTHBHbiM HarpeB KOMnoHeHT Bonoca 
coAepxamux Me/iaHMH: MaTpuKca K/ieTOK u CTBO/ia Bo/ioca u 

40 HaxoAHLUfixcH p^aom c hi/imh nani/m/ibi n cTMM-ioieTOK. T.k. Ha 1 c})a3e 
nx Hana/ibHaR TeMnepaTypa CTaHOBmcR Ha 9°-15°C Bbime o6b!HHofi j\nn 
koxi/i, to An« ce/ieiCTHBHoro Harpeea m nopaxeHUR Ha 2 4>a3e 
TpeSyeTcq Ha 30-40% MeHbLuaq sHeprnq, neM npM HarpeBe 6e3 1 
c£>a3bi. npeAOxpaHeHnq annAepM^ca ot nopaxeHWH ncno/ib3yeTC^ 

45 KOHTaKTHoe oxna>KAeHMe, TeMnepaTypa annAepMUca MoxeT 
n3MepqTbcq \a npn AocTuxeHnw TeMnepaTypw ko>km b TeneHne 1 (J)a3bi 
3aAaHHoro ypoBH^, HarpeB MoxeT 6biTb ocTaHOB/ieH, a aHeprna 
w3nyneHHH Ha btopom c})a3e ycTaHaB/inBaeTca Ha 6e3onacHOM ypoBHe. 
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OT/iHHi/rrejibHafl ocoSeHHOdb BTopon <£a3bi coctout b tom, hto 
MomHOCTb JiaMnbi Ha btow ct>a3e 3HasnTe/ibHo npeBbnuaeT 
HOMUHanbHyio, ho b cwiy Ha/innnq npeAHarpeBa iiaMnw Ha nepBon 
<t>a3e v\ Manon A/WTe/ibHocTn BTopoti ct>a3bi sto He npnBOAKT k 

5 pa3pyiueHnio huth HaKa/ia JiaMnbi. 

M3/iyHeHMe JiaMnbi win HecKO/ibKnx ziaMn HaKa/wBaHna, KaK n b 
npoTOTnne, c noMombio pec}xneKTopa HanpaBJiaeTca Ha 
o6pa6aTbiBaeMbiM ynacTOK Koxn. B otjiuhhh ot npoTOTnna 3tot 
pectxneicrop b coseTaHnn c bojihoboaom nocipoeH TaK t hto oh 

1 0 B03BpamaeT n3/iyHeHne, oipaxeHHoe ot SnoTKaHn, oSpaTHO b 
6noTKaHb. TeM caMbiM noBbiwaeTca act^eicmBHOCTb ncno/ib30BaHna 
mouuhocth JiaMnbi. flono/iHnTe/ibHO, 34>c()eKTHBHOCTb ycTpoCicTBa 
noBbiiuaeTCfl 3a cneT ncno/ib30BaHnq nioMMHecueHTHoro 
npeo6pa30BaTe/iq sHeprnn, yjibTpacf>nojieTOBoro , cnHero n 3e/ieHoro 

15 n3/iyseHHR b xe/iTo-KpacHyio o6/iacTb cnenrpa. 

KpaTKoe onncaHne cfrnryp sepTexen 
CymHocTb M3o6peTeHnq noacHfleTCH cfcnrypaMn, r^e Ha 
ct>nr.1 noKa3aHa 6noK-cxeMa ycTponcTBa n ceseHne ero HaKOHeHHi/iKa. 
0nr.2 noKa3biBaeT BpeMeHHbie AnarpaMMbi moluhocth naMnbi, A/WHbi 

20 bojihw MaKCMMyMa n3JiyseHnfl, AO/ien n3/iyMeHna JiaMnbi b 
HH(f)paKpacHoii n KpacHon o6/iacTHX cneiorpa, a Taicxe conpoTMB/ieHna 
naMnbi. 

Ha ct>nr. 3 noKa3aHO pacnpeAe/ieHne TeMnepaTypbi BHyTpn Koxn no 
OKOHsaHnio nepBon 4>a3bi - npeAHarpeBa, a 
25 (£nr. 4 wi/iiocTpnpyeT 3aBncnMocTn TeMnepaTypbi 6a3a/ibHoro c/ioa, 
CTHM-icneTOK n MaTpi/iKca loieTox Bo/iocaHoi/i c|)OJUWKyjibi ot BpeMeHn 
Ha BTopon cf)a3e. 

ct>nr. 5 noKa3biBaeT ceseHna HaKOHesHMKOB ynpomeHHoro BapnaHTa 
ycTpotiCTBa Ma/ion cpeAHen molahoc™ n Bbino/iHeHHbix b Bi/iAe 
30 "mnnuoB". Our. 6 noKa3biBaeT ceneHne JiaMnbi ycTponcTBa 
coAepxamen HecKO/ibKO "n/iocKnx" cnnpa/ien. 

Ha cj)nr. 7 noKa3aHo ceneHnq HaKOHesHi/iKa coAepxamero seTbipe 
ziaMnbi. 

OnncaHHbie Hnxe cxeMbi n pexnMbi pa6oTbi npeA/iaraeMoro 
35 ycTpoMCTBa He ncsepnbiBaioT Bcex B03M0>KHbix BapnaHTOB pea/W3aunn 
AaHHoro H3o6peTeH^fl. YcTponcTBO MoxeT uunpoKo ncno/ib30BaTbCfl 
Ann TepMnnecKoro B03AencTBnq Ha pa3JWMHbie KOMnoHeHTbi Koxn c 
ncno/ib30BaHneM JiaMnbi HaKa/WBaHnn. [IpnMeHeHne 3Toro ycTponcTBa 
He orpaHMHi/iBaeTCH c^oTosnwiflunen win cJ)OTOMOAn(J)nKaunen bojioc, 
40 MoxeT ncno/ib30BaTbc« a/ih B03AencTBnq Ha KpynHbie KpoBeHOCHbie 
cocyAbi, HOXHbie BeHbi c ue/ibra nx JieneHi/ifl, Ha KO/uiareH AepMnca c 
ue/ibio ero pereHepaunn, 4>OTo6nocTnMy/iflunn n ap. 

JlyHLiinn BapnaHT ocymecnuneHnq n3o6peTeHna 
YcTpoCicTBO coctomt (c|)nr. 1) M3 Ha«oHeHHHKa 1, rnSKoro xryTa 
45 2 npoBOAOB n Tpy6onpoBOAOB n 6/iOKa n^TaHn« n ynpaBneHM^ 3. 
HaKOHeHHMK 1 coctomt M3 ra/ioreHHOii /laMnbi HaKa/inBaHHR 4, KOTopa^ 
noMemeHa b Tpy6Ky 5 H3 CTeiaia win AnsiieKTpnMecKoro KpncTa/i/ia, 
pecJ)/ieKTopa 6, Bbino/iHeHHoro H3 MeTa/i/ia win onTnwecKoro 
MaTepna/ia, Ha BHyTpeHHfoio noBepxHocTb KOToporo HaHeceHO 
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BbicoKOOTpaxaiomee noKpbrrne 7, (fcunbTpa-BojiHOBoaa 8, 
npeACTaB/iqioiuero M3 ce6n csHABMH-cTpyKTypy: JiioMUHecueHTHbiM 
npeo6pa30BaTe/ib 9 - ox/iaxAaiomaq He3aMep3aioiuaa xnAKOCTb 10 - 
onTi/iHecKufi Ten^on3o/iqTop 1 1 , npn3Mbi 12 H3 

5 BbicoKOTen^onpoBOAHoro npo3paHHoro AUSJieicrpi/iHecKoro MaTepna/ia 
n 3aKpenneHHoCi b MeTa/i/ii/isecKOM onpaBe 13, KOTopaa sepe3 
TepM03^eKTpnsecKne 3/ieMeHTbi 14 (HanpuiMep, 3/ieMemrbi fle/ibTbe) 
noAcoeflUHeHa k oxna>KflaeMbiM boaom win B03flyxoM 
TepMopaAnaTopaM 1 5. CsHABUH-CTpyicrypa 4>n/ibTpa 8 o6pa3yeT c 

10 AH3/ieiapnHecKoCi npM3M0M 12 onTwnecKi/ifl bo/ihoboa.. OnpaBa 13 c 
OAHoft cTopoHbi MMeeT npoAO/ixeHne b Bwne MeTa/uii/iHecKOM n/iacTMHbi 
16, coeAHHeHHoft c TepMosjieicrpuMGCKWM 3/ieMeHTOM 14. Hi/ixhhh 
noBepxHOdb n/iacTi/iHbi 16 m npn3Mbi 12 HaxoAflTca b KOHTaicre c 
o6pa6aTbiBaeMOM 6noTKaHbio 17. K npn3Me 12 npucTas/ieH 

15 TepMoceHcop 18, npeACTaB/iflioiJunn co6om TepMonapy, TepMncrrop n/ii/i 
paanoMeTp. YKa3aHHbie neianiA cMOHTupoBaHbi b Ten/ion3o/inpyfOLueM 
Kopnyce 19. HaKOHewHi/iK 1 coeflMHeH c 6jiokom nmaHnq m ynpaB/ieHwq 
3 c noMombio xryTa 2 3/ieKTpnHecKnx npoBOAOB 20 Ana nwranm 
jiaMnbi 4 w npoBOAOB 21 a/ih nmaHn^ TepMos/ieKTpusecKMX 3/ieMeHTOB 

20 14. XnAKocTHbie uj/iaHru 22 anyxaT a/ih noAasn oxnaxAaiomefi 

XMAKOCTH, KOTOpa^ AOJDKHa UUpKy/lUpOBaTb Hepe3 OTBepCTHH 23 b 

pectxneicrope 6 m TepMopaAnaTope 15. Bo3AyxonpoBOA 24 c/iyxnT /via 
noAasn m npoxo^eHnq cxaToro B03Ayxa sepe3 KaHa/i 25 b Kopnyc 19 
n pecjxneicrop 6, Aanee sepe3 OTBepcTna 26 b Tpy6Ke 5, pectmeiorope 6, 
25 Kopnyce 19 n b y3/iax Kpennenm 3/ieicrpoAOB 27. ripoBOAa 28 cnyxaT 
A/m noAann cuima/ia c repMoceHcopa 18. E/iok nmaHnq m ynpaB/ieHUfl 
3 coctout m 6/ioKa ni/rraHi/ifl - 29, MOAy/iaTopa TOKa, HanpaxeHi/ifl \ah\a 
molahocth - 30, KOMnpeccopa 31, MuiKponpoueccopa 32, n cucTeMbi 

OX/iaXAeHUH C >KHAKOCTHblM HacocoM 33. 

30 YcTpoMCTBo, Ha npuiMepe yAajieHi/iq bojioc, pa6oTaeT 

c^eAyiomuM o6pa30M: H3jiyseHne 34 JiaMnbi 4 npaMo i/mn c noMombio 
pecjxneicropa 6 nepe3 e/ioKnpyiomnCi Hexe/iaTe/ibHbiCi cneiap 3/ieMeHT 8 
nonaAaeT Ha Ko>Ky 17 i/i B03AeficTByeT Ha Hee nocpeACTBOM 
nor/iomeHUR boaoCi. 3to i/13/iyneHne B03AetfcTByex TaKxe Ha ue/ib - 

35 Hanpt/iMep, Ha BO/iocflHyio (£o/uit/iKy/iy 35 sepe3 nonnouueHne CBeia 
Me/iaHUHOM i/mn KpoBeHocHbift cocyA sepe3 nor/iomeHi/ie CBeia 
3/ieMeHTaMM kpobm. H3BecTH0, mto b c/ieACTBun o6beMHoro pacceaHi/m 
b Koxe 3HaHHTe/ibHafl MacTb H3/iyHeHi/m paccet/iBaeTcq Ha3aA (S. R. Utz 
and et. Percutaneous blood laser biostimuiation. First clinical results. 

40 Pros. SPIE, vol.1643, p. p. 228-239, 1992). 3tot scj^eta MaKCMManeH b 
KpacHoti o6/iacTi/i cneicrpa, TaM rAe nomomeHne ko>km MUHUMa/ibHO. 
Ko3c})4)nuneHT oTpaxeHnq MoxeT AOCTuraTb 80% npoueHTOB (Peters 
V.G. at all. Phys. Med. Biol.35, 1990, p.p. 1317-1334). Ec/im, 
HanpMMep, nacTb peejxneiaopa 6, pacno/ioxeHHa« HaA ziaMnoCi 

45 HaKa/ii/iBaHi/iH 4, npeACTaB^qeT co6om nacTb ccfiepbi, a ueHTp KpwBM3Hbi 
STOW ccfcepu pacno/ioxeH Ha 6xin>KaMUjeCi k ^aMne 4 rpaHn 36 4)MJibTpa 
8, to AH0cJ)y3HO oTpaxeHHoe ot koxw 17 M3/iyseHne 34, npofiAfl 
bo/ihoboa, o6pa30BaHHbiw 3/ieMeHTaMM 8 n 12, BbixoAm sepe3 3Ty 
rpaHb. 3aTeM, nonas Ha ccJ)epMHecKyio aepKanbHyjo noBepxHOdb 7 



WO 00/54649 



PCT/RU00/00Q88 



8 

pecjxneicropa 6, B03BpamaeTca cHOBa Ha yKa3aHHyto rpaHb 36 n aanee 
nepe3 Bo/iHOBoa CHOBa Ha Ko>Ky 17. B npejcmaraeMOM ycTpoficTBe sto 
H3/iyHeHne HanpaB/meTc* Ha3aA Ha oTpaxaiomee noKpbiTue 7 
pecjxneicropa 6 \a CHOBa B03BpamaeTCH b Koxy 17. npwneM, Tynofi yro/i 

5 HaioioHa 6okoboCi BHyTpeHHefi noBepxHocTM 7 pecb/ieiaopa 6 
o6ecneHUBaeT nonaaaHMe Ha ccJ)epu4ecKyio sacTb Aaxe jiyneM, 
KOTopbie BbiCiflq H3 rpaHn 36 nona/iw Ha 6oKOByra noBepxHocib. 

3(|)c})eKTHBH0CTb o6paTHoro oTpaxeHna oneHb BbicoKa t.k. 
BHyTpeHHRR noBepxHOCTb 7 pecJ)/ieKTopa 6 noKpbua 

10 BbicoKOOTpaxaiomuM MaTepna/ioM: Cu, Au u/in Ag hjii/i MHoroc/ioiiHbiM 
Ana^eKTpusecKUM noKpbiTneM. Ko3(|)<t>i/im/ieHT oTpaxeHi/m npeBbiiuaeT 
90%. KpoMe Toro nnomaAb noBepxHOdn huth HaKa/ia 37 jiaMnbi 
HaKa/iUBaHnq 4 oneHb Ma/ia, MaTepna/i Tpy6KW 5 n pecjxneicropa 6 
06/iaflaeT oneHb Ma/ibiM nor/iomeHneM Ha A/iwHax bojih CBeTa, 

15 B03AeficTByioiJuero Ha K0>t<y 17. HosTOMy, Ha Ka>KAoe nepeoTpaxeHne 
H3/iyMeHi/m b Koxy 17 B03BpamaeTca Rr n nacTb naaaioineM H a Hee 
SHeprnw, rue R - Koact^i/mueHT oTpaxeH^q koxh, r - K03(J)(J)i/mi/ieHT 
oTpaxeHnq noBepxHOCTM 7 pectxneicropa 6, n - huc/io orpaxeHnOi. B 
pe3y/ibTaTe MHoroKpaTHbix oipaxeHUM ocBemeHHOdb BHyipn koxh 

20 yBe/iHHWTCH b ^ w . ripn R=0,8, r=0,90 n n=2 scJ^eKT ycw/ieHnq 

ocBemeHHocTM AOCTuraeT neTbipex pa3. Cneayer oTMeTHTb, hto 
Han/iyHiuuM 3cJ)(j>eKT ycmieHWH ocBemeHHOdn BHyTpn ko>kui 3a cneT 
peuupKy/iquuM c})otohob oSecnesutBaeTCfl npn pa3Mepe naTHa 6onee 10 

MM. 

25 PaccMOTpuM pexuiM HarpeBa JiaMnbi c ncno/ib30BaHneM 6/ioKa 

nuraHMq 29 n MoayjiaTopa 30, Jlnq nopaxeHMR bojiochhom cfco/uiuKy/ibi 
35 Han6o/iee 6/iaronpi/mTHaq o6/iacTb cneicrpa naMnbi 600-1 100hm . B 
3T0M o6/iacTM Me/iaHUH MMeeT AocTaTOHHo BbicoKoe nor/iomeHne n b 
Toxe BpeMq pacceqHue cocTaB/ineT yMepeHHyio Be/iwHUHy, TaK mto CBeT 

30 MOxeT npoHMKaTb b Koxy Ha AOCTaTOHHyio nny6i/iHy. Ta/ioreHHbie JiaMnbi 
HMeiOT nMKOByio TeMnepaTypy 3000°K - 3600°K. npn 3000°K 5% 
H3/iyneHMq cocpeaoToseHo b o6;iacTM /yinH bojih A,<600hm, 34% b 
06/iacTn 600 hm<;U1 100hm, m 48% 1 100hm<X,<2500hm. Ilpu 3500°K 
3TH npoueHTbi nepepacnpe/ieJiHioTcq TaK 10% A.<600hm, 42% 600 

35 hm<X<1 1 00hm, 35% 1 1 00hm<X<2500hm. TaKMM o6pa30M, ajih 
MaKCWManbHOM 3(J)cJ)eKTHBH0CTn npeo6pa30BaHMR 3/ieicrpnHecKOM 
SHeprai/i b no/ie3Hyio cBeTOByio sHepruK) BbiroflHO cfropcwpoBaTb 
MOLUHocTb h TeMnepaTypy ra/ioreHHoPi ziaMnbi 4. OAHaKo, npn stom 
pe3Ko yMeHbLuaeTCR cpoK c/iy>K6bi JiaMnbi, ecn\A oHa paSoTaeT b 

40 o6biHHOM HenpepbiBHOM pexuMe. B npeA^araeMOM H3o6peTeHHM 
ncnonb3yeTCR 3/ieiapnHecKMM MOAy/i^Top 30, c noMombKD KOTOporo Ha 
^aMny 4 no/jaeTCfl kopotkmm MomHbiM nMny^bc TOKa v\n\A Hanp^xeHnq, 
Bbi3biBaiomero npeBbiiueHne paccenBaeMoii ^aMnow moluhoctm HaA 
HOMMHa/ibHOM. HccjieAOBaHUfl, npoBeAeHHbie aBTOpaMi/i c jiaMnow 

45 OSRAM Tun ELC (TepMaHMR), HMeiomeM HOMMHa/ibHyK) MomHOCTb 
Ph=250Bt, noKa3a^n, hto TeMnepaType 2800°K cooTBeTCTByeT 
MomHOCTb 150BT, npn TOKe 9A n HanpfweHuu 17B. Ec/iw tok noBbicMTb 
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AO 12,5A Ha npoMe>KyTOK BpeMeHH 0,2 c t to b JiaMne 6yAeT 
paccei/iBaTbCH MOLUHOCTb 360BT, hto b 1.45 pa3a 6o/ibwe 
HOMUHa/ibHOM (cf>ur. 2a). ripn stom TeMnepaTypa AOCTi/iraeT 3600°K, 
T.e. npn6^nxaeTcq k MaKCHManbHOM. B pexuMe, Kor^a cpeAHflfl 

5 TeMnepaTypa huth nopflAKa 2800°K, a Ha KopoTKoe BpeMH (0,2c) 
flocTuraeTcq MaKCHMa/ibHaa TeMnepaTypa 3600°K, JiaMna 4 MoxeT 
4>yHKUi/ioHnpoBaTb oseHb npoAO/ixuTe/ibHoe BpeMH 6e3 AerpaAauni/i 
win pa3pyiiieHH8. BpeMeHHoti AnarpaMMe moiuhoctm JiaMnbi oTBenaeT 
BpeMeHHa^ AnarpaMMa cBeTOBoro mnyneHwn npnBeAeHHaa Ha c})t/ir. 

10 26. OopMa CBeTOBoro MMny/ibca MoxeT oTJinnaTbCH ot c})opMbi 
aneKTpuMecKoro b cwiy Ten/ioBow i/iHepuw/i huth HaKa/ia 37. TennoBa^ 
HHepun^ 3aBHcnT ot AnaMeTpa hmti/i HaKa/ia 37. ripi/i npaKTMHecKOM 
npe^ene AnaMeTpa huth 37 0,2mm, BpeMH TennoBOM HHepunn 
cocTaB/iaeT 0,04c, a Mi/iHWMaxibHafl AnnTe/ibHocTb CBeTOBoro HMny/ibca 

15 x 2 Ha no/iyBbicoTe MoxeT AocTnraTb 0,1c. J\nn JiaMnbi MoiAHOCTbio 
250Bt b T3kom UMny/ibce MoxeT 6biTb cocpeAOToseHo ao 50A>k 
CBeTOBOM 3Hepmn npn A/inTejibHoc™ 0 f 2c no no/iyBbicoTe. riyTeM 
pery/inpoBaHnq TOKa JiaMnbi 4 MOAy/isrropoM 30 TaKxe ocymecTB/iaeTCfl 
nepecTpotiKa cneiapa H3nyseHMq JiaMnbi 4. Ha nepBOM c£>a3e 

20 <onnTe/ibHocTbio X\ tok JiaMnbi Huxe HOMWHa/ibHoro, TeMnepaTypa hhth 
37 2800°K \a MaKcuMyM n3/iyHeHwq JiexnT b UK o6/iacTi/i cneiapa 
(1030hm). Ha btopom cj)a3e TeMnepaTypa huth 37 AocTuraeT 3600°K n 
MaKci/iMyM i/i3/iyHeHHH nepecTpai/iBaeTca b KpacHyio (800hm) o6/iacTb 
(c})nr. 2 c). CooTBeTCTBeHHO n3MeHaeTca aojih n3/iyHeHHfi iiexamaa b 

25 o6/iacTH 1100-2500hm- P m n 600-M 100hm - P K (pi*c. 2a). 
AonojiHi/nre/ibHo, aBTOMaTunecKoi/i 3amnTbi JiaMnbi 4 ot 

pa3pyiueHnui b MOAy/iflTope 30 npon3BOAHTcs HenpepbiBHoe 
H3MepeHne conpoTHB/ieHnq ziaMnbi. Ilpn noAase wMny/ibca TOKa Bbiiue 
seM HOMUHa/ibHbiM, conpoTHB/ieHtie huth HaKa/ia 37 yBe/innnBaeTcq, n 

30 B MOMeHT x m (cj)nr. 2a). KorAa conpoTHB/ieHi/ie AOCTuraeT KpHTMHecKOM 
Be/iUMUHbi, MOAy/i^Top 30 aBTOMaTMMecKH orpaHMHUBaeT 
paccenBaeMyio MOLUHOCTb. C otom ue/ibio MOAy/iflTop 30 coAepxnT 
n3MepnTe^b conpoTHB/ieHnq 38 hmtm HaKana 37 JiaMnbi 4, cBa3aHHbifi c 
pery^RTopoM TOKa, HanpaxeHna n/in molahoctm. 

35 CnocoS o6pa6oTKH pa3/inHHbix 6noTKaHew c noMombio 

npe^naraeMoro ycTpowcTBa onpeAe/ieH mcxoah H3 cTeneHi/i 
BOcnpnnMHMBocTH tom hjm i/iHOM 6noTKaHM k napaMeTpaM oSjiyneHi/m. 
B sacTHocTn a/i« yAa/ieHUR bojioc cnoco6 ncno/ib30BaH^m ycTpoMCTBa 
onpeAe/ieH no CBoficTBaM koxh h bojiochhoCi /iyKOBMUbi(cM. HanpuMep, 

40 A. Waldman et all Laser hair removal: theory and clinical experience 
Proc. of SPIE 1998 vol. 3245 p.p. 318-321). 

PacseTbi, npoBeAeHHbie no pa3pa6oTaHHoi7i aBTopaMn 
MaTeMaTunecKOM MOAe.nn, noKa3a/in, hto HeoSxoAHMbi ABe c})a3bi 
HarpeBa: A^iHTe/ibHbiCi (npeAHarpeB) n KpaTKOBpeMeHHbiw (HarpeB m 

45 pa3pyiueHMe). KpoMe Toro, a/i^ (})OTOAecTpyKUMM bojiochhom 
cf)o/i^nKy/ibi Heo6xoAHMo CHana/ia ox^aAHTb BepxHutf c/iom ko>kh 
(snuAepMnc) 3aTeM, npoAo/ixaa oxjiaxAaTb HasnHaTb o6/iysaTb Koxy. 
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Aetf CTBWTe/ibHo, B o6/iacTH cneiapa 1 1 00^2500hm Koxa 
o6/iaAaeT cn/ibHbiM nomomeHueM (nonnomeHHe BOAbi) m c/iaSbiM 
paccefiHueM. Ha oTAe/ibHbix ynacTKax cneiapa H3JiyneHi/ie MoxeT 
my6oKO npoHUKaTb b Koxy. B Anana30He 600- 1 1 00hm 

5 npenMymecTBeHHbiM norjiomenweM o6/iaAaeT Me/iaHUH i/i reMor/ioSnH 
kpobm. TaKUM o6pa30M, Ha nepBow cj)a3e B03AeficTBi/m H3JiyHeHna Ha 
Koxy ocymecTBrmeTcq ee Hece/ieianBHbiCi HarpeB 3a cseT nor/iomeHnq 
M3JiyseHnq boaom. Ha BTopow ct>a3e ocymecTB/ifleTca cejieianBHbiw 
HarpeB cTpyioyp koxh coAepxamux Me/iaHMH (annAepMi/ic, ctbo/i 

10 Bo/ioca, MaipuKC icieTOK bojiocahom ziyKOBHUbi) m reMomo6nH 
(KpoBeHocHbie cocyAN, BeHbi). Po/ib nepBofi $a3bi coctomt b 
npeAHarpeBe nopaxaeMOM ue/in (BojiocaHafl jiyKOBHua, KpoBeHocHbiM 
cocyfl) c 30-36°C ao 45-55°C, (hto Huxe TeMnepaTypbi AeHaTypaunn 
6e/iKa). 3to npoyi3BOAHTca c ue/ibfo yMeHbiueHns ypoBHH 3Heprnn 

1 5 Heo6xoAHMow a/is HarpeBa Ha BTopoi/i 0a3e. Ha btopom ct>a3e 
kopotkum nMny/ibcoM ocymecTBn^eTcq HarpeB nopaxaeMow ue/ii/i 
(BonocaHaq ziyKOBHua, cocyA) ao TeMnepaTypbi AeHaTypaunn 6e/iKa 65- 
75°C. 

OSblHHO MaKCHMyM OCBeilieHHOCTM HaxoAHTcn Ha noBepxHoc™ 

20 win b npunoBepxHocTHOM cnoe koxh. 3to He no3BOJiaeT ocymecTBi/rrb 
paBHOMepHbiCi HarpeB my6nHHbix cnoes koxh. Ha^HHi/ie KOHTa kthoto 
ox/iaAHTe/ifl 16 c oTpnuaTe/ibHOM TeMnepaTypofi, noAAep>Ki/iBaeMOM 

XO/lOAH/lbHMKOM B BHAe TepMOSJieiapHHeCKflX 3/ieMeHTOB 14 H/1M 

TepMopaAnaTopoM 15 c uupKy/inpyiomei/i boaom, no3BormeT CHi/i3HTb 
25 TeMnepaTypy noBepxHoc™ n npt/inoBepxHOCTHoro c/ioa, a Taicxe 
CMecTHTb MaKCHMyM TeMnepaTypbi Ha nepBow 0a3e b r/iy6b ko>kh. 
KoM6nHnpyfl TeMnepaTypy oxnaAHTe/ia u MouiHocTb JiaMnbi moxho 
n/iaBHO ynpaBn^Tb npocjwjieM TeMnepaTypbi BHyTpn koxh. 3tot acjxfreia 
moxho ncno/ib30BaTb j\nn ce/ieKTMBHoro nopaxeHna Ko/i/iareHa c 
30 ue/ibio CTHMyjiRunn ero pocTa. 

Ha Our. 3 noxa3aH Tuni/iMHbiM npoc})n/ib TeMnepaTypbi BHyTpn koxu, 
paccMHTaHHbiw j\nn anynaa KOHTaKTHoro oxnaAMTe/iq 1/13 KpucTa^na 
cancjwpa c TeMnepaTypoPi -10°C n jiaMnbi c HOMMHa/ibHOM MomHocTbio 
250Bt \a TeMnepaTypoM huth 3600°K Mepe3 ocBemaeMbiw ysacTOK koxh 
35 1.5x1.5 cm 2 m sepe3 1 ceK noc/ie Hana/ia B03AeficTBna (nepBaa c£>a3a). 

K MOMeHTy OKOHHaHUfl 3T0M (£>a3bi 3a CHeT !/1CnOJlb30BaHHH KOHTaKTHOrO 

oxJiaA^Tenq 16 TeMnepaTypa 6a3a/ibHofi MeM6paHbi noHt/txeHa ao 
17°C. 3to no3BOTi^eT 3amnTHTb 3ni/iAepMi/ic ot nopaxeHna Ha BTopoti 
4)a3e. 

40 Ha cj)nr. 4 noKa3aHbi BpeMeHHbie AnarpaMMbi TeMnepaTypbi 

(BTopaq 4>a3a) 6a3a/ibHOM MeM6paHbi (KpuBaa 1), cTHM-ioieTOK (KpuBafl 
2) v\ MaTpMKca K/ieTOK Bo/iocqHow c{)OJ]jinKyjibi (KpuBaq 3). 
ropii30HTa^bHa^ np^Ma^ (4) cooTBeTCTByeT TeMnepaType AeHaTypaunn 
6ejiKa. MaKci/iMa/ibHaa TeMnepaTypa ziaMnw HaKa/iUBaHM^ 3600°K t 

45 nuKOBaq MomHocTb b 1 .45 pa3 6o/ibuue HOMUHa/ibHoii, nuKOBaq 
n/iOTHOCTb moluhoctm n3/iyseHHH b Anana30He cneiapa 600-^-1 100hm 
81,6Bt/cm 2 , pa3Mep n^THa 1.5x1.5 cm 2 , A^HTe/ibHOCTb BTopofi cf)a3bi 
0,2ceK. Jinn Aoc™xeHH9 scJx^eKTa TepMnsecKoro nopaxeHna 
BO/iocfiHoti ziyKOBHUbi 35 Heo6xoA^Mo MToSbi TeMnepaTypa b o6/iacTM 
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nann/uibi, CTUM-K/ieTOK AOdnrana TeMnepaTypbi AeHaTypaunn 6e/iKa 
T.e. 65-75°C. PacseTbi, npoBeAeHHbie Ha ocHOBe MOAe/ieti koxh h 
Bo/iocflHofi ziyKOBMUbi c ncno/ib30BaHneM AaHHbix onucaHHbix b 
/imepaiype (M. H. Niemz "Laser-Tissue interaction, Fundamentals and 

5 Application", Springer, 1995) noKa3biBaiOT, hto a/ih KOHCTpyKunn 
npuSopa, onucaHHoro Bbiwe, onTHMa/ibHbitf cnoco6 c{)OTOAecTpyKUMM 
bo/iocrhoCi cj)ojuinKy/ibi coctout b cjieAyiomeM: KO>Ky npeABapi/rrejibHo 
ox/ia>KAaioT 3a cseT KOHTaiaa c MeTajxnnHecKofi n/iacTHHOM 16 m 
AwaneicrpHHecKotf npt/i3Mofi 12, 3aTeM, coxpaHHH KOHTaKT m npoAOJixan 

10 oxna>KAaTb, HarpeBaioT AepMnc H3jiyseHneM b Anana30He 1100-2500 
hm c MaKCHMyMOM 1300-1400 hm w n^OTHOdbio 10-60 Bt/cm 2 \a c 
flnme/ibHocTbio 0,1-100 ceK. Ha BTopoi/i 4)a3e, HenocpeACTBeHHO 
c/ieAyHDLueM 3a nepBofi, npoBOAHTca AecTpyKuna b bojiochhom 
<bonn\Axyj\b\ n3/iyHeHneM A/iUTeflbHoc™ 0,05-10 ceK b Anana30He 600- 

15 1200 HM C MaKCHMyMOM B 06/iaCTt1 600-1000 HM U\ n/lOTHOCTbiO 

moluhocth 80-800 Bt/cm 2 . 

CnocoS ncno/ib30BaHMfi ycTpoMCTBa A/iq Koaryrmunn 
KpoBeHOCHbix cocyAOB onpenenen b ochobhom H3 onTunecKnx cboCictb 
reMomo6uiHa(cM. HanpuMep T.G.Pfefer et all Laser treatment of port 

20 wine stains: three dimensional simulation using a biopsy-defined 
geometry in an optical-thermal model Proc. of SPIE 1998 vol. 3245 p.p. 
322-333). TaioKe KaK n b c/iynae bo/iocahoCi fyonnwKynbi Heo6xoAHMO 
npeABapnTe^bHoe ox^axAeHne, 3aTeM, OAHOBpeMeHHO c oxnaxAeHueM 
06/iyneHne b ABe cfc>a3bi. PacseTbi noKa3biBaioT, hto Ha nepBofi <t>a3e 

25 AnnTe/ibHocTbio 0,1-100 ceK o6/iyseHne npoi/i3BOAWCfl n3/iyHeHneM b 
Anana30He 500-2500 hm c MaKCi/iMyMOM b 06/iacTM 700-1500 hm h 
n/iOTHOCTbio moiahoctm 1-50 Bt/cm 2 . Ha BTopoCi 4>a3e Ana Koary/iqunn 

COCyAOB \ASVA BeH A^HTenbHOCTb B03AeMCTBUH AO/lXHa 6biTb 0,05-5 ceK 

b Anana30He 400-1200 hm c MaKCMMyMOM b 06/iac™ 500-1100 hm h 
30 n^OTHOCTbio moluhocth 10-500 Bt/cm 2 . 

OnucaHHoe ycTpoifcTBo MoxeT npuMeHRTbcq TaKxe a/ih 
ce/ieKTi/iBHoro noBpexAeHnq Ko/uiareHa AepMnca c ue/ibto cTMMy^qunn 
ero pocTa \a KaK aneACTBne, yjiysweHi/ifl KOCMeTusecKHx cbomctb koxm - 

CHUXeHWe MOpUUHHMCTOCTM, nOBblLUeHUe 3JiaCTMHHOCTH HJ1H A/1R 

35 nopaxeHtiq noAKOXHoro xnpa. KaK noKa3a/in pacseTbi Ha ocHOBe 
Haiuew MOAe/in c ncno/ib30BaHweM jiuiTepaTypHbix AaHHbix (A. Welch, 
Optical-Thermal response of laser-irradiated tissue, Plenum Press, 
NY., 1996), onTHMa^bHbiM pexuMOM Ann ce/ieKTHBHoro nopaxeHna 
Ko/uiareHa c noMombio onncaHHoro ycTpoficTBa AB/iReTCfi c/ieAyiomuM: 

40 Koxy oxjia>KAaKDT 3a cseT KOHTaKTa c MeTa^/insecKOM anacTi/iHofi 16 u 
AM3/ieKrpnMecKoCi npn3Moti 12 m 06/iysaioT CBeTOM /iaMn HaKa/iUBaHna 
B Anana30He 600-2500 hm c AnnTe/ibHocTbKD 0, 1 -1 000 ceK c 
n/ioTHOCTbio moluhocth ot 0.1 ao 500 Bt/cm 2 . ripn 3thx pexuMax, 3a 
cseT OAHOBpeMeHHoro ox/iaxAeHi/m noBepxHoc™ u o6*beMHoro 

45 HarpeBa AepMi/ica win noAKoxHoro xnpa M3/iyHeHneM JiaMnbi 
HaKanMBaHMH, MaKcnMyM TeMnepaTypbi cMemaeTca b r/iy6b koxh, n 
nopaxeHne c/ioq Ko/uiareHa nponcxoAm BHyTpn AepMnca npn 
coxpaHeHMn snnAepMMca. T^ySnHa nopaxeHu^ onpeAe/i^eTCfl 
A/iHTe/ibHocTbio HarpeBa n oxna>KAeHnq. MeM Hi/ixe MomHocTb n 
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Ao/ibLue oxna^eHne, TeM rjiydxe ziexnT o6/iacTb nopaxeHna. 
Oxna^eHne koxh npt/i ncno/ib30BaHi/M onucaHHoro ycTpowcTBa MoxeT 
nponcxoAMTb npn CKo/ibxeHnn Bflo/ib noBepxHOdn c coxpaHeHneM 
TenjiOBoro KOHTaiora, B stom c/iynae HOBbiM HeoSjiyHeHHbiw ysacTOK 
5 koxi/i cHana/ia conpi/ncacaeTca c MeTaruii/iHecicofl nnacTWHoCi 16 n 
npeABapme/ibHO ox/ia>KAaeTCH, a 3aTeM stot ynacTOK conpi/iKacaeTCH c 
npn3MOM 12 n ox/iaxAaeTca OAHOBpeMeHHO c o6/iyHeHueM. 

M3o6paxeHHbie Ha cfwr. 5 ynpoiueHHbie (b Bw^e mi/inuoB) 
BapnaHTbi HaKOHesHUKa npeA/iaraeMoro ycrpoMCTBa OT/innaioTCfl TeM, 

10 HTO B HUX np03paHHblM AUSJieKTpHK 12 BbinOJIHeH COCTaBHbIM 

(pa3A&neHHbiM Ha ABe no/ioBUHbi BAO/ib n/iocKocTM cuMMeTpnn 39) H3 
MaTepna/ia, nor/iomaiomero BpeAHoe txnn o6pa6aTbiBaeMOM 6noTKaHi/i 
M3/iyHeHne JiaMnbi 4, T.e. b HeM coBMemeHbi c^yHKUHH cfnuibTpa 8. flpn 
stom, Ka>KAaa H3 no/ioBHH 3aKpenneHa Ha noABMXHbix s/ieMemrax, oahm 
15 nacTH Koropbix Bbino/iH^eT po/ib pecfxneKTopa 6 c c()yHKi4i/ieM 
4>oKycMpoBKM n3/iyHeHHH ot JiaMnbi 4 Ha 3acJ)WKcnpoBaHHOM Me>KAy 
no/ioBUHaMM npo3paMHoro Ans/ieicrpuKa 1 2, Hanpwviep nyieM 
3/ieMeHTapHoro 3a>KHMa, 4>parMeHTe ko>ki/i 17. (lo/ioBUHbi pecJxneKTopa 
o6*beAHHeHbi c pysKaMU 40, npw CMbiKaHi/in KOTopbix BOKpyr ocu 41 

20 npOHCXOflUT 3a>KUM KOXH 17. YCTpOMCTBO C TaKUM HaKOHeHHUKOM 

6o/iee yAo6HO ncno/ib30BaTb b AOMawHux ycjioBnax. 

KaK bhaho H3 cj>nr\ 5 (a, 6, b) BHyrpeHHRR noBepxHOCTb 
pecjxneicropa "munuoB" b coMKHyTOM coctohhmh nMeeT sji/ii/imri/iHecKyio 
c^opMy. Ec/in b oahom c£>OKyce 42 s/mnnca noMemeHbi cnnpa/ib huth 

25 HaKana 37, to i/icnycicaeMoe H3 stom huth M3/iyseHne 34 noc/ie 
OTpaxeHnq ot 3/i/innTnnecKOM noBepxHoc™ KOHuempMpyeTCH bo 
btopom cJ)OKyce 43. HcKaxeHne xoAa ziynew 34 u3-3a Ha/innnq 
Ans^eiapunecKoro 3/ieMeHTa 12 6yAeT MuiHUMaribHbiM, ec/iu 
ncnycKaeMbie H3 OAHoro c})OKyca 42 n oTpaxeHHbie ot BHyTpeHHetf 

30 noBepxHocTn s/mnnca Jiysn 6yayT naAaTb Ha stot sneMeHT HopMa/ibHO. 
Arm 3Toro msneKrpmecmiA sjigmsht 12 b ceneHwn AO/ixeH 6biTb 
KpyroM. Bo3Mo>KHa n MHororpaHHaa cfropMa (6o/iee TexHo/iornsHa npn 
M3roTOB/ieHnn). OpweHTaunq rpaHefi h hx huc/io Bbi6i/ipaeTca b 

COOTB eTCTB 1/1 H C yC/lOBMeM KOHUeHTpaUWW MaKCMMa/lbHOM aojim 

35 H3/iyHeHt/m bo btopom 4)OKyce 43 s/i/innca. 

Ha c{)Mr. 5a npeACTaB/ieHbi "munubi" c cj)opMoi/i BHyTpeHHew 
noBepxHoc™ 7 pecj)neKTopa 6 b Bn^e a/i^nnconAa BpameHnq n 
cnnpa/ibio hutm HaKana 37, opueHTi/ipoBaHHOM sjxonb 6o^bLUoCi ocu 39 
3/i/innconAa. B stom cnysae M3/iyHeHne hutm HaKa/ia 37 ncnycKaeTcq 

40 npeMMymecTBeHHo nepneHAMKy/iqpHO stow ocu 39 3/uinncoi/ma, n 
OTpaxaRCb ot BHyTpeHHert noBepxHocTn 7 pect)/ieKTopa 6 nonajaaeT Ha 
AUS/ieiapusecKuPi 3/ieMeHT 12, KOTopbifi Bbino/iHeH b cf)opMe ujapa 44 n 
3aKpen/ieH c noMombio cJwKcaTopa 45, co Bcex ctopoh m 
KOHueHTpupyeTCH b o6/iacTH BToporo ct>oio/ca 43 3^/innconAa, 

45 coBnaAaiomeCi c uempoM 46 Luapa 44. 

Ha cjwr.56 u 5b npeACTasneHbi "munubi" c 4)opmom BHyTpeHHeui 
noBepxHOCTH 7 pec{)jieKTopa 6 b Bnae 3/i/wnTHHecKoro un/inHApa n 
cnnpa/ibKD huth HaKa/ia 37 opueHTupoBaHHow BAOiib o6pa3yK)mew 
UM/inHApa. B stom c/iynae n3/iyMeHne huth naKa/ia ncnycKaeTCJi 
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npenMymecTBeHHO nepnenanKy/mpHO o6pa3yiomeCi un/iMHflpa n, 
oTpaxawcb ot BHyTpeHHefi noBepxHocrru 7 pecjxneicropa 6 
KOHueHTpupyeTcq bo btopom c|)OKyce 43 3/mi/inca. npn stom, 
npuBefleHHaR Ha cjwrypax <J)opMa flua/iejapunecKoro ajieMeHTa 12 
5 (npn3Ma 47 win m/mnHAp 48) He H3MeHfleT HanpaB/ieHne n3JiyseHi/ifl 
34. 

Ha <£nrype 6 n3o6pa>KeH BapnaHT uM/inHAPunecKoCi ziaMnbi 
HaKannBaHn^ 4 c neTbipbMH hi/ithmh HaKa/ia 37 b oahom 6a/uioHe, 
npeAHa3HaseHH0M ajih ncnojib30BaHHfl b HaKOHeHHi/iKe c ox/ia>KAeHneM. 

10 Eonu hi/ith HaKa/ia b ziaMnax H3roTOB/ieHbi Tax, mto ee reoMeTpunecKne 
pa3Mepbi b n/iocKoc™, nepneHflHKy/iapHOM ocBemaeMotf noBepxHOCTH 
SnoTKaHU 17, HaMHoro MeHbiue pa3MepoB huth b apyrtix 
HanpaB/ieHH^x, to u3/iy4eHi/ie ot Hee uicnycKaeTca npewMymecTBeHHO 
napa/mejibHo 3jo\a otiockocth. B pe3y/ibTaTe CHuxaKrrca noTepi/i Ha 

15 B3anMHoe nepepacceaHne i/i3/iyseHi/iq oahom hmth HaKa/ia Ha Apyrne h 
3(})(})eKTHBHOCTb ycTpoficTBa b ue/ioM B03pacTaeT. Pacno/ioxeHne 
HecKo/ibKHX HUTew HaKa/ia b o/jhoCi Kon6e no3Bo/ineT b npi/iHUi/ine 
H36aBHTbca ot HanpaB/i^ioinnx B03AywHbiw noTOK ox^axAeHUR TpySoK, 
yMeHbiiiMTb TeruioBbie noTepw nepe3 ra3, cBeTOBbie noTepn Ha KO/i6ax n 

20 HanpaB/iqiomux B03Ayx Tpy6Kax, a Taicxe noBbicMTb TexHO/ioriiMHOCTb 
M3roTOB-neHMfl jiaMn pj\9\ AaHHoro ycTpowcTBa 3a cseT ynpomeHnq 

KOHCTpyKUHH TOKOBBOflOB. 

Ha (J)nr. 7a H3o6pa>xeHo ceneHne b rmocKocTH HUTeft HaKa/ia 
M3roTOB/ieHHoro HaKOHeHHMKa, npe^araeMoro b paMKax aaHHoro 

25 H3o6peTeHnq, a Ha c})Mr.76 - ceneHne b nnocKocTn r/iaBHOM onTi/isecKow 
och cc^epunecKOM nacTi/i pecfuieicropa 6. Pe0neKTop 6 npeACTaB/iaeT 
c6opHyio KOHCTpyKUHio H3 n/iacTHH. HeTbipe ra/ioreHHbie ziaMnbi 
BioieeHbi b KpoHLUTeMHbi 49, KOTopbie b cboio osepeAb 3aKpen/ieHbi k 
n/iacTHHaM pe^eiaopa bhht3mh 50. B SKcnepuMeHTa/ibHOM MaKeTe 

30 ncnoJib30Ba/incb neTbipe ziaMnbi Tuna ELS OSRAM. M3/iyHeHne ziaMn 4 
nepe3 CTeHKM KO/i6bi n KBapueBOM Tpy6Kn 5 npqMo, i/mn, oTpaxaacb ot 
noKpbiTbix cepe6poM CTeHOK pecJxneKTopa, M3roTOB/ieHHoro i/i3 crmaBa 
a/iKDMUHH^, nona^a/in sepe3 cneKTpa/ibHbifi c{)i/mbTp, coctoruumm M3 
pySnHa, tohkoto cjioh bo^n \a KBapueBow rmacTMHbi Ha cancJ)npoBbiM 

35 AMSJieKTpuHecKMM 3/ieMeHT 12, a 3aTeM Ha noBepxHocTb koxh. B 
3KcnepMMeHTe noBepxHocTb koxh ox/iaxAa/iacb nocpeACTBOM cucrreMbi 
ox/iaxAeHM^ Ha ocHOBe 3/ieMeHTOB Re/iTbe MapKH TB- 17-0,1. 

CeneHne Bo/iHOBOAa b KOHTaicre c Koxefi cocTaB/ifl/io 15x15 mm. 
B o6/iac™ cneiapa 650-1200 hm n/ioTHocTb moluhocth Ha 

40 noBepxHoc™ ko>kh Ha 1 c{)a3e, jxnnmeticn 0,5-1 ceK cocTaB/iaeT 
20Bt/cm 2 , a Ha BTopofi A^^meMC^ 0,2 ceK - 85 Bt/cm 2 . KaK 
noKa3biBaioT pacneTbi, stom n/ioTHOc™ AocTaTOHHo /ma noBpexAeHum 

BO^OCqHOM ^yKOBHUbl. 

BapnaHT ycTpouicTBa, pea/i^30BaHHoro c oahom ra/ioreHHOM 
45 JiaMnotf, npe/icTaB^eH Ha (j)nr.8. B stom ycTpoficTBe ziaMna 4 cbohm 
Han6o/ibUJHM pa3MepoM copneHTupoBaHa ropn30HTa/ibHO 
OTHocirre/ibHo noBepxHOCTM koxm 17. Ec^n cJ)opMa HaKa^bHoro rena 
HecuMMeTpuHHa, to Ko/iSa ziaMnbi opueHTupyeTc^ oTHOCMTe/ibHo 

nOBepXHOCTM KO)KM ropH30HTa/lbHO T3KI/1M o6pa30M, HT06bl 
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noBepxHocib cnnpa/ii/i 37 c Han6onbwei4 n/iomaflbio 6bma oSpameHa k 
noBepxHocTn koxm. B aaHHOM c/iynae BO/iHOBOflHbiPi a^cjjeta b 
HanpaB/ieHMM pacnpocTpaHeHwa n3^yseHnn ot /latvinbi k Koxe 
o6ecnesnBaeTcn maBHbiM o6pa30M 3/ieMeHTOM 51 b BMfle yceseHHofi 
5 nupaMHAbi 51 c bwcokum 3HaseHneM noKa3aTe/iq npe/iOM/ieHnq (He 
MeHee 1.76), a b HanpaB/ieHi/iw pacnpocTpaHeHHq OTpaxeHHoro ot 

KOXI/I M3/iyMeHMfl - 3ep«anbHoti nOBepXHOCTblO 52. npocTpaHCTBo 

Me>k£y noBepxHOdbio 3/ieMeHTa 51 h noBepxHocTbio 52 o6pa3yeT 
co6ofi KiOBeTy 53, coeflMHeHHyio c Tpy6onpoBOflOM 54 3ano/iHeHHbiM 
10 Ta/iOM BOflOM c TeMnepaTypoM +1°C M3 pe3epByapa 55, KOTopaq 
nocTynaeT b cjiubhoCi 6aK 56. ripn3Ma 12 Bbino/meHa H3 cancjjupa, 
3aKpen^eHHoro b MeTa/uiUHecKotf onpaBe 13, BHyTpn KOTopoii 
npeaycMOTpeH npoTOK xmakocth c TeMnepaTypow 0°--5°C, 
o6pa3yiometfcq npn TaqHun TBepaoro MHoroKOMnoHeHTHoro BeiuecTBa! 
15 HanpuMep, 3aMopo>KeHHoro BOflHo-cnupTOBoro pacTBopa, 
noMemeHHoro b pe3epByap 57, KOTopufi coeawHeH c eMKocTbio 58, rj\e 
n co6npaeTcq xnflKOdb c TeMnepaTypotf 0°--5°C. Bjiok nuTaH^q u 
ynpaB^eHnq 3 npn aaHHofi pea/iu3auw/i npe,onaraeMoro ycTpoCicTBa 
MoxeT MMeTb b CBoeM cocTaBe cucTeMy o6paTHoPi CBq3M, cocToamyio 
20 H3 ncno^HHTe^bHoro ycTpoficTBa h .aaTHUKa (Ha nepTexe He y<a3aH). 

<t>opivia OTpaxatomew noBepxHocTM 7 pecJxneKTopa 6 h ee 
pacno/ioxeHne b HenocpeacTBeHHofi 6/iw3oc™ k /laMne 4 Bbi6npaeTcq 
TaKUM o6pa30M, HTo6bi jxnma onTMMecKoro ny™ Mexcfly M3/iysaiomeM 
noBepxHOdbio HaxaiibHoro Tejia 37 ziaivinbi 4 n o6pameHHo£i k HePi 
25 noBepxHOdbio Bo/iHOBoaa 51 6bma Mi/iHHMa/ibHoCi n o6ecnennBa^a 
Han6o/ibiuyio cBeTonepeaasy. Bo/ihoboa 51 MaKcwvta/ibHo 
34>c})eKTMBHo, 3a CMeT flB/ieHnq no^Horo BHyTpeHHero OTpaxeHna, 
nepe^aeT cBeT ot noBepxHoc™ 7 sepe3 xuflKufi cjan/ibTp m 
canctwpoByio miacTHHy Ha noBepxHocTb koxu. Xm^kmCi cf)n;ibTp 
30 M36npaTe^bHO nor/iomaeT UK KOMnoHeHTy i/i3/iyHeHwq naMnbi, 
oc/ia6/iqq MHTeHCMBHOCTb cBeTa b 3tom 06/iacTM cneiapa ro 
onTMMa^bHoro ypoBHq. Xmakmm $mibTpoM AB^qeTCfl Bofla 
o6pa3yioiuaqcq npn t3rhhm jib,aa b pe3epByape 55 n nop, He6o/ibWMM 
aaB/ieHneM nonaaaiomaa b KiOBeTy 53, HarpeTaq UK H3JiyneHueM BOfla 
35 cJ>mibTpa no TpySonpoBoay nonaaaeT b c6opnyio eMKOCTb jyiq Tanow 
Boflbi. Pe3epByap 55 m c6opHaq eMKOCTb 56 a/iq Ta/ioCi BOflbi qB/iqioTcq 
cMeHHbiMn 3/ieMeHTaMH. CancJwpoBaq n/iacTi/iHa 12 ox^axaaeTcq ro 
TeMnepaTypbi nopq/iKa 0°--5°C npn npoTeKaHHU xmakoctm 
o6pa3yioiuePicq npu TaqHun TBepaoro MHoroKOMnoHeHTHoro BeiuecTBa 
40 (HanpuMep 3aMopox<eHHoro BOflHo-cnupTOBoro pacTBopa) b 
pe3epByape 57 no TpySonpoBOAaM 59 pacno/ioxeHHbiM BHyTpn 
MeTa^iHHecKoPi onpasw 13. Pe3epByap 56 u c6opHaq eMKOCTb 58 /yiq 
xhakoctm c TeMnepaTypoki 0°--5°C Taioxe qs/iqioTcq CMeHHbiMM 
3/ieMeHTaMM. TaqHMe nbRa m TBepfloro MHoroKOMnoHeHTHoro BemecTBa 
45 HaMMHaeTcq npn noMemeHnn pe3epByapoB 55 m 57 H3 xo/ioAH^bHoro 
ycTpoCicTBa b ycTpoMCTBO h nponcxoflUT 3a cneT npnTOKa Ten^a M3 
OKpyxaiomefl cpeAbi npn komh3Thom TeMnepaType. Heo6xoflMMOCTb 
ncno^b30BaHnq xhakoctm c TeMnepaTypow 0°--5°C CBq3aHa c 
Heo6xoflMMocTbio npe/iox^axcfleHMq, Hanpwviep snuaepMnca, ^o 
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TeMnepaTypbi Huxe 0°C npn ero conpuKocHOBeHUM c canctwpoBofi 
n/iacTHHoCi 12 n MeTan/iUHecKofi onpaBoft 13 ao, b npouecce n noc/ie 
o6/iyseHH9. TaflHue «B/iqeTcq (f>a30BbiM nepexoAOM, hto no3BO/iaeT 
Han6o/iee sct^eKTUBHo aKKyMy/inpoBaTb Ten/io ot koxh m xwAKoro 
5 cJ)n/ibTpa. 

JlaMna sjieiapuHecKH ni/iTaeTca ot 6/ioKa nmaHUfl, co3Aaiomero 
3/ieKTpnsecKne HMny/ibCbi TpeSyeMoro HanpaxeHna, TOKa n 
flnuiTe/ibHOCTH. B/iok ni/rraHi/ra MoxeT 6biTb aBTOHOMHbiM, 3a cneT 
noMemeHMH b ero cociaB a/ieiorpoiii/rrnHecKoro oaho- hjiu 

10 MHoro3apq^Horo aKKyMy/iRTopa. 

HeoSxoAUMO OTMen/iTb, hto npoueAypa o6pa6oTKi/i MoxeT 6biTb 
6o/ie3HeHHa. flrm noBbiweHUH komcJ^opthocth m CHUxeHwa 
TpaBMaTMHHocTM b cocTaB ycTpoi/icTBa BBefleHa cucTeMa o6paTHOM 
CBH3H. B npocTetiujeM Bapi/iahrre OHa coctout To/ibKo H3 

15 ncno/iHUTe/ibHoro ycTpoficTBa, Tuna KHonoHHoro nepeianoHaTe/iH hjih 
neAa/in, npeKpamaiomero noAany s/ieiaponnTaHnq no xe/iaHwo 
nauneHTa h MOxeT ynpaB/iHTbca naunei-rroM. Bo3Mo>KHbi BapnaHTbi 
KorAa b KasecTBe AaTHUKa c^UKcupyioiJuero npeBbiweHwe nopora 6ojih 
BbicTynaeT AaTHUK pa3Mepa 3paHKa ma3a (npn npeBbiweHwui nopora 

20 6o/iu 3pasoK pe3Ko coKpamaeTca), ckopoctm KpoBOTOKa (npn 
npeBbiajeHnn nopora 6onv\ cKopocTb KpoBOTOKa pe3K0 naAaeT), 
3HaHeHnq TeMnepaTypbi o6pa6aTbiBaeMOt/i noBepxHoc™ (npn 
npeBbiiueHnn nopora 6o/in TeMnepaTypa AOCTi/iraeT onpeAe/ieHHoro 
3HaHeHnn), no cwma/iaM c KOToporo ficnojiHUTe/ibi-ioe ycTpowcTBO 

25 n3M6H^eT tok nepe3 npoTeKaiomnw nepe3 xiaMny i/uin npeKpamaiomero 
noAany 3/ieKTponnTaHna. 

ripw ncno-nb30BaHnn AaHHoro ycTpOMCTBa cf>a3a 
npeAox/iaxAeHHH MoxeT 3aHHMaTb 3HaHMTe/ibHbiw npoMexyTOK 
BpeMeHM, npn stom H3/iyseHne ziaMnbi OTcyTCTByeT m noaB/iaeTca jinwb 

30 npn AOCTHxeHMM 3nnAepMt/icoM TeMnepaTypbi 6/1M3KOM 0°--5°C, o seM 
CBMAeTe/ibCTByeT nocTynaiomi/ifi c TeMnepaTypHoro AaTHUKa 
(TepMonapbi, TepMope3MCTopa, paAHOMeTpunecKoro AaTHUKa m t.a.) 
cuma/i. 

B c/iysae Heo6xoAHMoc™ o6pa6oTKn 6noTKaHt/i c AOCTaTOHHo 
35 SojibiuoM n/iomaAbKD noBepxHocTn bo3moxho oAHOBpeMeHHoe 

HCnO/lb30BaHMe HeCKOJlbKHX nOA06HblX yCTpOMCTB, BblXOAbl KOTOpblX 

o6pa3yioT MaTpnuy M3/iyHaTeneCi-ox^aAHTe/ieM HaxoAfltunxcfl b 
KOHTaiae c Koxeft . 
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OopMyjia H3o6peTeHi/ifl. 

1. YcTpoMCTBO jxnn TepaneBTusecKOM n KOCMeTO/iornHecKoi/i 
(t)oroo6pa6oTKM 6noTicaHH, coAepxamee 6jiok ni/nraHUH (3) h 
noMeiueHHbie b Kopnyc hctomhuk sjieicrpoMarHi/iTHoro w3JiyMeHi/m 

5 (34), BbinojiHeHHbifi b Bi/me JiaMnbi HaKa/iUBaHUfl (4) , pectmeiorop (6) 
A/ifl KOHueHTpaunw 3Toro H3/iyHeHHH (34) Ha o6pa6aTbiBaeMyio 
SnoTKaHb (17), npo3pasHbiM Ans/ieiopi/iK (12) b bha© BO/iHOBo^a, 
coeflUHeHHbiti c cucTeMofi oxnaymenm n HaxoAfliAwfica b KOHTaiae c 
o6pa6aTbiBaeMOM SnoTKaHbio (17), a TaiOKe cneiorpajibHbifi 4>n/ibTp, 

10 oT/innaiomeecq TeM, hto ziaMna HaKa/ii/iBaHMH (4) coeAHHeHa c 
6jiokom nuTaHnq (3) nepe3 MoayjiHTop (30), KOTopbitf coAepxi/iT 
M3MepnTe/ib conpoTMB/ieHnq. (38) hmth Haxa/ia (37) JiaMnbi (4) n 
pery/mTop molahocth, a BHyTpeHHHR nosepxHOCTb pect)/ieiaopa (6) 
npeACTaB/mex co6om 3epKaiibHy*o noBepxHOdb (7), Bbino/iHeHHyio c 

15 Aono/iHMTe/ibHoti c})yHKUneM B03BpaTa n3/iyHeHH8 (34), OTpaxeHHoro 
ot o6pa6aTbiBaeMOM 6woTKaHM, o6paTHO k SnoTKaHM (17). 

2. YcTpoficTBO jjj\9\ TepaneBTunecKOM m KOCMeTonori/iHecKoi/i 
4)oxoo6pa6oTKM 6hotk3Hh no n. 1, oTJit/iHaJomeeca TeM, hto 
cneicrpa/ibHbiii ctwribTp MoxeT 6biTb Bbtno/iHeH b BHAe 

20 nor/iomaioujiero $i/mbTpa (8). 

3. YcTpowcTBO jcyiH TepaneBTMHecKofi v\ KocMeTo/iori/iHecKofi 
(})OTOo6pa6oTKH 6noTKaHH no n. 1, OTJiWHaiomeecfl TeM, hto 
cneKTpa/ibHbitf 4)wibTp MoxeT 6biTb Bbino/iHeH b bha© 
niOMUHecueHTHoro npeo6pa30BaTe/iq (9). 

25 4. Yctpomctbo jxnn TepaneBTunecKOM m KOCMeTO/iori/iHecKofi 
cJ)OToo6pa6oTKM 6t/ioTKaHM no n. 1, oTJii/inaiOLJueecfl TeM, hto 
cneicrpanbHbiii cJwjibTp MoxeT 6biTb Bbino/iHeH b BHAe OTpawaiomero 
noKpbiTHH (7) pectmeioropa (6). 

5. YcTpoMCTBO a/ih TepaneBTusecKoCi i/i KocMeTo/iornMecKOM 
30 cJ)OToo6pa6oTKH 6noTKaHH no n.1, OT/n/Naioweeca TeM, mto 

npo3paHHbiM AH3/ieiaptiK (12) pacno/ioxeH b MeTa/uit/iHecKoti onpaBe 
( 1 3), 3aKpen/ieHH0M BHyTpw Kopnyca ( 1 ), k kotopom c oahom 
cTopoHbi Bn/ioTHyio npucoeAHHeHa, HaxoAflmaacfl b KOHTaiae c 
6noTKaHbio (17) MeTan/iMHecKaq nxiacTUHa (16), coeAHHeHHaa c 
35 cucTeMOM oxjia>KAeHMfl (33). 

6. YcTpotiCTBo a^h TepaneBTunecKOW m KocMeTo/ion/iHecKofi 
cf)OToo6pa6oTKM BuoTKaHM no n. 1, oT/innaiomeecB TeM, mto 
nomomaiomuM n3/iyHeHtie c})M/ibTp (8) Bbino/iHeH b BHAe, 
o6pa3yiomeM c AMs/ieKTpuKOM onTHMecKnw bojihoboa, cshabum 

40 cTpyicrypbi: /iioMHHecueHTHbii/i npeo6pa30BaTe/ib (9) - ox/ia>KAaiomafl 
He3aMep3aioma« xnAKocTb ( 1 0), onTHHecKuti Ten/ioi/i30/iflTop (11). 

7. Yctpowctbo Ana TepaneBTi/inecKoi/i \a KOCMeTo/iornMecKoii 
(})OToo6pa6oTKi/i 6i/ioTKaHM no n.1, OT/ii/inaiomeecH TeM, mto 06/iacTb 
BHyTpeHHeM nosepxHoc™ pecjxneicropa (6), pacno/ioxeHHaq HaA 

45 jiaMnotf HaKa/inBaHna (4), WMeeT cfropMy nacTi/i 3/mi/incoi/iAa \ajva 
ccjjepbi c ueHTpoM KpnBH3Hbi b uempe 6/iMxaMLueCi k ziaMne (4) 
rpaHU (36) Bo/iHOBOAa, a oS/iacTb BHyTpeHHefi noBepxHOCTH 
pectxneioropa (6), pacnonoxeHHaa Me>KAy jiaMnow HaKa/inBaHi/m (4) v\ 
3TOM rpaHbio HaicnoHeHa k noc/ieAHei4 noA TynbiM yrnoM. 
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8. YcTpoficTBo /yifl TepaneBTMsecKoPi n KOCMeTonornsecKOM 
c})OToo6pa6oTKM 6i/iotk3Hh no n.7, oT/inMajomeecfl TeM, mto o6/iacTb 
BHyTpeHHeti noBepxHoc™ pecJ)/ieKTopa (6), pacnojioxeHHaq MexAy 
jiaMnofi HaKa/iHBaHWfl (4) u 6/inttaftujefi k Hew rpaHbio (36) 

5 BO/iHOBOfla (8) npeACTaBjiaeT co6om 6oKOByio noBepxHocTb 
yceseHHbix KOHyca \asua npaBH/ibHoCi HeTbipexyro/ibHow nupaMMAbi, 
Ma/ibiM ocHOBaHMeM kotophx HB/iaeTCfl yKa3aHHaq rpaHb, a 
AByrpaHHbiCi yro/i Mexay Hew n Sokobow noBepxHocTbio m/im rpaHbio 
jiexi/iT b npeae/iax ot 115° no 120°. 

10 9. Yctpomctbo nnn TepaneBTHMecKoi/i n KocMeTo/iori/iMecKow 
(J)OTOo6pa6oTKM Shotiohh no n. 1 , oT/insaiomeeca TeM, mto 
pecJxneKTop (6) v\ npo3paHHbiw Ans/ieicrpi/iK (12) Bbino/iHeHbi H3 AByx 
no/iOBMH c o6mefi ocbio BpameHna (39), Ha oahom H3 no/iOBHH 
pecJxneKTopa (6) c BHyTpeHHew ciopoHbi pacno/ioxeHa naMna 

15 HaKa/iUBaHna (4), Kawaq H3 no/ioBi/iH npo3pasHoro Ans/ieKTpwKa 
(12) MoxeT 6biTb Bbino/iHeHa c 4>yHKLU/iei/i cneiorpaJibHoro cfcu/ibTpa n 
3aKpen/ieHa Ha cooTBeTCTByiomefi no/ioBUHe pecjxneiaopa (6) c 
yseTOM pa3MemeHHH 6noTKaHn (17) Me>KAy no/iOBUHaMM 
AnsJieicrpuKa (12), b coMKHyTOM cocto^hum no/iOBMH pectxneioropa 

20 (6). 

10. YcTpoCicTBO jinn TepaneBTMHecKOui w KOCMeTO/iornMecKoti 
cf>oToo6pa6oTKH 6noTKaHn no n. 9, OT/insaiomeecR TeM ,mto 
BHyTpeHHRfl noBepxHocTb pe4)/ieKTopa (6), b coMKHyTOM coctohhui/i 
ero no/ioBi/iH, npeflCTaB/iaeT co6om 3/i/inncoi/m BpameHfm, b oahom 

25 ero c{)OKyce (47) pacno/ioxeHa cnnpa/ib huth HaKa/ia (37) ziaMnw 
(4), ocb kotopom opuemvipoBaHa BAO/ib 6ojibiuoCi ocu (39) 
3/i^nncoMAa, no/iOBUHbi npo3paMHoro Ans/ieicrpuKa (12) Bbino/iHenbi 
b BMAe LuapoBbix cerMeHTOB (44), c ocHOBaHHHMn napa/uiejibHbiMH 
6o/ibiuoM ocm a/uinncoKaa n ocu BpameHwa no/ioBHH pect)/ieKTopa 

30 (6), LuapoBbie cerMemrbi 3aKpeaneHbi Ha no/ioBMHax pec{xneKTopa c 
yseTOM coBna^eHnq nx o6mero ueHTpa co btopwm 4)OKycoM (43) 
3/mi/inconAa n pacno/ioxeHHOti Me>KAy mapoBbiMn cerMeHTaMi/i 

Sl/IOTKaHbfO (17) 

1 1 . YcTpoPicTBo j\nn TepaneBTHMecKow \a KocMemnomMecKoCi 
35 c})OTOo6pa6oTKn 6noTKaHH no n. 9, oT/iUMaiomeecfl TeM, mto 

BHyTpeHHHH noBepxHocTb pectmeicropa (6), b coMKHyTOM coctoahuh 
ero no/ioBHH, npeacTaBJiaeT co6om nosepxHOCTb 3/i/innTHMecKoro 
UM/inHApa, o6pa3yiomafl KOToporo napa/mejibHa ocu BpauueHi/m 
no/iOBMH pe<f)JieKTopa (6), Ha ypoBHe OAHoro 4)OKyca 3/i/innca 

40 pacno/ioxeHa cnnpa/ib hmtm Haica/ia (37) ziaMnw (4), ocb KOTopofi 
opueHTupoBaHa napa/uie/ibHO o6pa3yiomeCi s/uinnTMMecKoro 
UM/iMHApa, a no/iOBUHbi npo3paMHoro Ai/ia/ieKTpuKa (12) Bbino/iHeHbi 
b swtxe no/ioBHH UM/iMHApa (48), 3aKpen/ieHHbix Ha no/iosMHax 
pecjD/ieiaopa (6) c yMeTOM coBnaAeHu^ ocu 3Toro ut/mnHApa c 

45 pacno/ioxeHHOM, Mexfly ero no/ioBMHaMn 6noTKaHbio (17) n BTopoui 
cJ)OKanbHoCi ocbio (43) 3/i^nnTHMecKoro m/uinHApa, npuMeM 
HanpaB/ieHne o6pa3yiomeM un/inHflpa (48) Ai/13/ieiorpnKa ( 1 2) 
coBnaaaioT c HanpaB/ieHneM opweHTaunn ocm cnnpa/in hmtm HaKa/ia 
(37). 



12. YcTpotiCTBo /yifl TepaneBTMHecKoCi n KOCMemnorHHecKoii 
<J)OToo6pa6oTKM 6noTKaHH no n. 9, OTJinwaiomeecq TeM, hto 
BHyipeHHqq noBepxHOCTb (7) pecjxneicropa (6), b comkhytom 
coctohhhh ero ho^obmh, npeACTaBJiaeT co6ofi noBepxHOCTb 
3/i/innTHsecKoro ui/mnHApa, o6pa3yiomaq KOToporo napa/uiejibHa 
ocm BpameHUH (39) no/ioBMH pecjxneicropa (6), Ha ypoBHe OAHoro 
4)OKyca (42) 3/mnnca pacno/ioxeHa cnnpa/ib huth HaKa/ia (37) 
ziaMnbi (4), ocb kotopom opi/ieHTupoBaHa napa/i/ie/ibHO o6pa3yiometf 
Un/iMHApa, a no^OBUHbi npo3paHHoro AnaneicrpuKa (12) Bbino/iHeHbi 
b BMAe npflMbix npn3M (47), c HenpaBH/ibHbiMn MHoroyro/ibHUKaMn b 
OCHOB3HMH, opueHTupoBaHHbix 6oKOBbiMH pe6paMH napa/i/ie/ibHo 
ocu BpameHnq (39) no/ioBHH pecjxneicropa (6), 3aKpen/ieHbi npn3Mbi 
(47) TaK, hto c})OKa^bHaq ocb (39) 3/uwnTHHecKoro un/iwHApa 
coBnaAaeT c pacno/ioxeHHoCi MexAy npfi3MaMH (47) 6noTKaHbio 
(17). 

13. YdpoCicTBO TepaneBTi/inecKow \a KocMemnori/tnecKoi/i 
cf)OToo6pa6oTKn 6woTKaHH no n.4, oT/iMHaioLueecfl TeM, hto 
3epKa^bHaq noBepxHOCTb (7) pecjxneKTopa (6) Bbino/iHeHa U3 
MaTepnana, ce/ieKTHBHO oTpaxatomero M3/iyHeHne (34) c a^iuhom 
BO/iHbi b Auana30He 600-^2500hm. 

1 4. YcTpoticTBO ajih TepaneBTunecKoOi n KOCMeTO/iori/iHecKoii 
4)OTOo6pa6oTKn 6noTKaHH no n.1, OT/ii/iHaiomeecfl TeM, hto hmc/io 
ziaMn HaKa/iUBaHna (4) h/im hhcjio nvnew HaKa/ia (37) b oahom jiaMne 
(4) MOxeT 6biTb 6o/ibuue oahom, npwneM hutm HaKa/ia (37) MoryT 

6b!Tb n/lOCKHMH. 

15. YcTpotiCTBo Ana TepaneBTunecKoi/i i/i KocMeTo/iornnecKOM 
4>oToo6pa6oTKH 6noTKaHH no n. 9, OT/innaiomeecH TeM, hto 
ox/ia>KAaiomafl He3aMep3aiomaH XMAKOCTb ( 1 0) AonojiHi/rre/ibHO 
06/iaAaeT CBOMCTBaMU nor/iomeHi/m n3/iyneHnq n/in nepei/i3xiyHeHi/m 
b Apyryio o6/iacTb cneiorpa \a noMemeHa b TpySonpoBOA (22), 
coeAHHeHHbift c HameTaKDiuew noMnofi (33). 

16. YcTpowcTBO jxnn TepaneBTunecKOM m KOCMeTo/iori/iHecKofi 
(})OTOo6pa6oTKH SnoTKaHn no n.1 M OT/innaiomeecH TeM, hto 
npocTpaHCTBo BHyTpn pecfmeKTopa (6) coeAHHeHo c 
B03AyxonpoBOAOM noAioiKDHeHHbiM k B03AyniHOMy KOMnpeccopy 
(31). 

17. YcTpoCiCTBO jxh9 TepaneBTunecKOM n KOCMeTOJiornnecKofi 
(J)OToo6pa6oTKH SnoTKaHM no n.1., OT/iiiHaiomeecfl TeM, hto cucTeMa 
oxna>KAeHHR (33) npo3paHHoro AUs/ieicrpi/iKa (12) w MeTan/iMHecKoCi 
n/iacTUHbi MoxeT coAepxaTb 3/ieMeHTbi Fle/ibTbe (14). 

18. Yctpomctbo an* TepaneBTi/inecKoi/i n KocMemnorHHecKofi 
(J>oToo6pa6oTKU SnoTKaHW no n. 3, OT/iunaiomeecfl TeM, hto 
/noMUHecueHTHbiM npeo6pa30BaTe/ib (9) u onTunecKnti 
Ten/ion30JiHTop (11), BxoAflmne b csHABUH-CTpyicrypy, Bbino/iHeHbi 
cooTBeTCTBeHHo \A3 py6nHa \aiua cancj)npa c Ti/iTaHOM i/i onTunecKoro 
cTeicna, b tom Huc/ie KBapueBoro. 

19. YcTpowcTBO Ana TepaneBTunecKOM n KocMemnon/iHecKotf 
cJ)OToo6pa6oTKH 6noTKaHn no n.1. ( OT/innaiOLueecfl TeM, hto oho 
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Aono/iHUTe/ibHo cnaSxeHo cucieMoCi boahhoi-o win B03AywHoro 
oxna^eHUfl Kopnyca. 

20. YcTpoticTBo /yiR TepaneBTunecKofi i/i KocMeTo/iornHecKofi 
4)OTOo6pa6oTKH SnoTKaHM no n. 3, OTJwnaiomeecH TeM, hto b HeM 

5 6a/i/ioH JiaMnbi HaKa/iMBaHUR (4) h/m/ih ipy6Ka (5) OKpyxaiomaa 
6an/ioH (4) Aono/iHHTejibHO Bbino/iHeHbi c cfryHKunew 
/noMMHecueHTHoro npeo6pa30BaTe/ifl. 

21 . YcTpoticTBO jxnn TepaneBTuwecKOM i/i KOCMemnorwHecKoi/i 
cJ)OToo6pa6oTKM 6noTKaHM no n. 1, OT/innaiomeecq TeM, hto Hi/iTb 

10 HaKa/ia (37) JiaMnbi (4) npeACTaB/iaeT co6otf n/iocKnw H3/iyHaTe/ib, 
nnocKOdb KOToporo naparmejibHa nnocKOCTn o6pa6aTbiBaeMOM 
6noTKaHn, a nacib BHyipeHHc-ki noBepxhocn-, petyjieiaopa (6) 
pacnoiioxeHHaa HaA nawnoiA HaxoAUTca ot 6nv\xatime\A k ziaMne (4) 
rnaHM (36) poriHOBOAa Ha paccTOHHi/ii/i ne 6o/iee 1.2d r^e d - 

'( o L : .-!wLxi:-i- i ^'iU;,-Vw'ifJ r.O/l6bl JiaMnbi. 

22. Yctpomctbo a/ih TepaneBTunecKoCi n KocMemnornHecKOi/i 
4)OTOo6pa6oTKH 6noTKaHn no n. 1 , oTJii/isajomeecfl TeM, hto 
nor/iomaiomnw n3/iyHeHi/ie <J)M/ibTp Bbino/iHeH b BMAe cshabhh- 
CTpyKTypbi c cfryHKLUieti Bo/iHOBOAa a/ia M3/iyHeHMq ot JiaMnu (4) k 

20 6noTKaHH (17) v\ o6paTHo t n o6pa30BaHHo£i b HanpaB/iem/ii/i 
nepneHAHKy^qpHOM noBepxHocm 6noT<aHn H3 HeTbipexyro/ibHofi 
yceseHHOM nupaMUflbi (51) M3roTOB/ieHHOM H3 npo3paHHoro 
MaTepnana c noKa3aTe/ieM npejioM/ieHna He MeHee seM 1.76, 
So/ibLUoe ocHOBaHHe KOTopotf, o6pauueHO k ziaMne (4), boaw c 

25 TeMnepaTypoft ot 1°C ao 10°C \a npo3paMHoro Ananeicrpi/iKa 
Ky6nHecKOM cfcopMbi, HaxoA^LAerocq b KOHTaiae c SnoTKaHbio, a b 
HanpaB/ieHnn, napa/i/ie/ibHOM noBepxHocTn 6noTKaHn - M3 tom xe 
HeTbipexyro/ibHOM yceneHHott nupaMHAN (51), boaw c TeMnepaTypoti 
ot 1°C ao 10°C m BHyTpeHHeCi noBepxHOCTbio (52) HaKOHeHHi/iKa c 

30 3epKa^bHbiM noKpbiTueM. 

23. YcTpoDicTBO jxnn TepaneBTnnecKotf n KOCMeTo/iorwHecKOi/i 
<J)OToo6pa6oTKH 6noTKaHn no n. 1, oTJinnatomeecfl TeM, hto 
npo3paHHbiw Ana/ieiapnK ( 1 2) pacno/ioxeH b m eTa/i/i \a h ec ko m 
onpaBe, CHaSxeHHotf cncTeMon ox/ia>KAeHnq xnAKOCTbfo c 

35 TeMnepaTypoM ot -1°C ao -18°C. 

24. Yctpomctbo jwn TepaneBTi/inecKofi n KocMeTo/iorunecKOM 
4>OToo6pa6oTKH 6noTKaHi/i no n. 1, oT/innaiomeecH TeM, hto oho 
Aono/iHUTe/ibHO cHa6xeHo cncTeMoi/i o6paTHoi/i cbh3h, b uenb 
kotopom bxoaut AaTHHK 6o/ieBoro nopora nauneHTa, Ht/iTb HaKa/ia 

40 (37) JiaMnbi (4) h 6hok rwAianm (29). 

25. YcTpowcTBO aha TepaneBTUinecKofi m KOCMemnoruHecKoti 
4)OToo6pa6oTKH 6noTKaHt/i no n. 1, OT/iHnaiomeecq TeM, hto oho 
Aono/iHMTe/ibHO CHa6xeHO npepbiBaTe/ieM cseTa ynpaB/meMoro no 
6o/ieBOMy nopory nauueHTOM n/ii/i AaTHMKOM 6on\A b BMAe 

45 upMAOAnamocTHKH M^HAnarHOCTHKH KpoBOTOKa. 

26. YcTpouicTBO nnn TepaneBTunecKOM n KOCMeTO/iornnecKOM 
c})OToo6pa6oTKH 6noTKaHn no n. 1, OTJiMHafomeecfl TeM, hto 6/iok 
nuTaHUfi (29) CHa6>KeH aKKyMy/i^TopoM. 
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27. Cnoco6 TepaneBTunecKoti win KOCMeTo/iornHecKofi o6pa6oTKH 
koxu, npn KOTopoM KO>Ky (17) npeflBapme/ibHO ox/iaxAaioT, 3aTeM, 
npoAOJixaa oxnaxAaTb, o6nywaioT CBeTOM (34), ziaMnbi HaKanuBaHHH 

(4) OTJMHaiOmnfiCfl TeM, HTO JWn C^OTOAeCTpyKUMH BO/lOCHHODl 

5 ziyKOBHubi (35), o6/iyseHne npou3BOAHT AByMH <t>a3aMu, nepBaq H3 
KOTopbix npeAHa3HaseHa An* npeABapwe/ibHoro HarpeBa AepMnca 
(17) ao TeMnepaTypbi He Bbiiue TeMnepaTypbi AeHaTypaunn m a/ihtch 
0,1^100ceK b Anana30He 1100-2500 hm c MaKCHMyMOM b o6/iacTi/i 
1300-1400 hm m n/ioTHocTbio moiuhocth ot 1 0 - 60 Bt/cm 2 , a 

10 Biopaq, HenocpeacTBeHHO oneAyiomaH 3a nepBofi, npeAHa3HaneHa 
A/ifl AecTpyKUUM Bo/iocflHofi ziyKOBHUbi (35) n ajihtch 0.05-10 ceK b 
AMana30He 600-1200 hm c MaKCHMyMOM b o6/iacTH 600-1000 hm m 
n/iOTHocTbio moluhocth ot 80 - 800 Bt/cm 2 . 

28. Cnoco6 TepaneBTusecKOM \ajua KocMeTO/iornsecKOM o6pa6oTKM 
15 koxh. npi/i kotopom Ko>Ky (17) npexiBapnTe/ibHo oxjiaxAam, 3aTeM, 

npOAo/ixa* oxna^aTb, 06/iysaioT CBeTOM (34), ziaMnbi HaKajinBaHuiq 
(4) OT/insaiomnMcq TeM, hto &nn 0oTOAecTpyKUHn bojiochhom 
JiyKOBHUbi (35), 06/iyseHne amtcr 0.05-10ceK b Awana30He 600- 

1200 HM C MaKCHMyMOM B 06/iaCTH 600-1000 HM 1/1 OTlOTHOCTblO 

20 moluhoctu ot 80 - 800 Bt/cm 2 . 

29. Cnoco6 TepaneBTHHecKoti win KOCMeTOJiorHnecKoCi o6pa6oTKM 
koxh, npt/i kotopom Koxy (17) npe^BapnTe^bHO ox/iaxAaiOT 3aTeM, 
npofloiDKafl oxna^aTb, o6nysa»oT CBeTOM (34) ziaMnbi HaKa/inBaHMH 
(4), OT/iMHaiomnCicq TeM, hto ajih c{)OTOKoary/iquMn KpoBeHocHbix 

25 cocyflOB v\nv\ BeH oSjiyneHHe npoi/i3BOAHT b ABe (J)a3bi, nepsaa U3 
kotopnx npeAHa3HaseHa jinn npeABapurre/ibHoro HarpeBa AepMi/ica 
(17) ao TeMnepaTypbi He Bbiiue TeMnepaTypbi AeHaTypaui/iH n a/ihtch 
0.1-100 ceK b Anana30He 500-2500 hm c MaKcuMyMOM b o6/iacTH 
700- 1500 hm v\ n^noTHocTbio moluhoctu ot 1 ao 50 Bt/cm 2 , a 

30 BTopaa, HenocpeACTBeHHO onexiyiomaH 3a nepBofi, npeAHa3HaneHa 
AJia Koary/iquMM cocy/^a h/ih BeHbi h ahi/itch 0.05-1 ceK b Anana30He 
400-1200hm c MaKCMMyMOM b o6/iacTn 500-1100 hm, c onoTHOCTbio 

MOIUHOCTM OT 10 AO 500 Bt/CM 2 . 

30. CnocoS TepaneBTMsecKoui win KocMemno™HecKoti o6pa6oTKU 
35 koxh, npw kotopom Koxy (17) npeABapnTe/ibHO ox/iaxAaioT, 3aTeM, 

npoAOJixaa oxna>KflaTb, o6^ysaioT CBeTOM (34) ziaMnbi HaKannBaHi/m 
(4), OT/iMMaiomnMCR TeM, MTo an* ce/ieKTi/iBHoro noBpe>KAeHHH 
KO/i/iareHa AepMnca (17) c ue/ibio cTnMy/inunn ero pereHepaunn hjih 
ce/ieKTi/iBHoro noBpe>KAeHi/!q noAKOKHoro xi/ipa o6/iyHeHt/ie 
40 npon3BOAHT CBeTOM b Awana30He 600-2500 hm c AnnTe/ibHOCTbio 
0.1-1000 ceK \a n/iOTHocTbio moiahocth ot 0.1 ao 500 Bt/cm 2 . 

31 . Cnoco6 TepaneBTnnecKow mii/i KocMeTO/iornsecKOM o6pa6oTKM 
koxi/i, npt/i kotopom Koxy (17) npeABapnTe^bHo ox/ia>KAaioT, 3aTeM, 
npoAO/ixaa ox/ia>KAaTb, o6/iynaioT CBeTOM (34) ziaMnbi HaKa/iHBaHua 

45 (4), OT/insaiomn£icfl TeM, hto npo3paHHbifi AH3/ieKTpnK (12) n 
MeTan/insecKyio n^nacTMHy (16) ycTpotfcTBa no n. 5 npuiBOA^T b 

TepMMMeCKMCl KOHT3KT c K0>KeCl (17), 3aTeM, yCTpOMCTBO 

OAHOBpeMeHHo c oS^ysenneM \atua b npoMe>KyTKax Me>KAy 
06/iyseHi/mMn nepeMemaiOT BAo/ib noBepxnocTn koxh (17) TaK, hto 
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hobhCi Heo6/iyHeHHbiM ysacTOK koxh (17) CHasa/ia conpuKacaeicq c 
MeTa/i/iMsecKOM rmacTuiHoCi (16), a 3aieM c npo3paMHbiM 

BO/1HOBOAOM (12). 
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HAIR REMOVAL DEVICE AND METHOD 

BACKGROUND OF THE INVENTION 
5 Use of light to denature very specific kinds of tissue has been called 

wavelength-selective photo-thermolysis. The use of lasers for this purpose has been well 
described in the literature. See, for example, R.G. Wheland, "Laser-assisted hair 
removal", Lasers in Dermatology . Vol. 15, pp. 469-477, and references cited. By 
choosing a laser with the right wavelength and energy per unit area (fluence), a particular 

10 light-absorbing target substance (chromophore) in living tissue, such as melanin or 

hemoglobin, will absorb energy from the laser beam and become hot enough to destroy 
functionality in the tissue containing the chromophore. Tissue in the same area that does 
not have high concentration of the target chromophore will not be affected. 

Hair includes two basic parts, the shaft, which is the portion of the hair 

15 above the epidermis, and the root, which is the portion below the surface of the epidermis. 
Various tissues surround the root of the hair. Hair color is primarily do to the presence of 
melanin in the hair. Melanin is created at the base of the hair follicle and is passed into 
the hair as it grows. The presence of melanin has made it possible to use lasers and other 
light sources for hair removal with melanin as the target chromophore. The hair follicle 

20 and surrounding structure (referred to collectively as hair tissue) are selectively heated 
when the melanin in the hair tissue and in the hair root itself and is exposed to treatment 
radiation. The hair tissue is thermally damaged so that a result of the localized heating, 
many of the exposed hairs later atrophy and are sloughed from the epidermis. 

The early work in this field was centered around a wavelength with very 

25 high melanin absorption, the pulsed ruby laser (694nm). Long pulse ruby lasers (as 

opposed to Q-switched ruby lasers) typically have a pulse duration in the 1 millisecond 
range. Although the wavelength is highly absorbed in melanin, the wavelength selection 
has significant limitations with darker skin types as the epidermis can blister from the 
superficial melanin heating. 

30 Many different approaches to hair removal have been explored since the 

early ruby laser evaluation. A common trend is a continual shift towards longer 
wavelengths, which have less melanin absorption, as it allows treatment of patients with a 
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darker range of skin tones. Initially, alexandrite (755nm) was evaluated and later a diode 
approach (810nm). The alexandrite laser offers improved clinical capabilities over the 
ruby laser if one considers treatment of darker skin types. However, from engineering 
and system performance measures, the two systems are similar in terms of size, utility 
5 requirement, treatment speed, and system cost. In contrast, the high pulse energy diode 
laser allows the system to be much smaller than previous systems with an ability to run 
off of standard power. One commercially-available system, sold by Coherent of Santa 
Clara as Lightsheer, weighs in the 45kg (100 pound) range and allows the physician to 
treat the darkest skin types with minimal risk of post operative blistering. Unfortunately, 

10 the high pulse energy diode approach is very expensive as it requires up to 100 diode bars 
to achieve the peak powers needed for the desired clinical result. Another limitation with 
this approach is in the delivery device. The current Lightsheer system houses all diodes 
and associated hardware in a handpiece that is used in direct contact with the skin. This 
approach results in a heavy handpiece, weighing several pounds, that causes user fatigue 

1 5 and an overall bulky design. 

Dermatologists have used cooling devices in dermatologic applications 
prior to laser treatment. The purpose is to chill the skin with the understanding that 
exposure to treatment radiation will elevate the epidermal temperature. Chilling lowers 
the initial temperature so that the post treatment temperature at the epidermis will not 

20 create a heat-induced blister. U.S. Patent 5,735,844 describes apparatus which uses a 

cooled lens, through which radiation passes, pressed against the patient's skin to cool the 
epidermis. 

SUMMARY OF THE INVENTION 
The present invention is directed to a hair removal device and method by 
25 which hair tissue-damaging radiation passes from a radiation source through a recessed 
window to the patient's skin. The hair removal device also includes a skin-cooling 
element having a cooling surface which is used to contact the skin prior to exposure of 
that skin area to the radiation. The window is laterally offset from the cooling surface as 
well as spaced apart from the cooling surface in a direction away from the patient's skin 
30 so to create a gap between the window and the patient's skin. 

The presence of a gap between the window of the radiation source and the 
patient's skin offers several benefits. One problem associated with a contact cooling 
window in direct contact with the skin is debris build up. Dermatologic tissue 
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accumulates on the contact window as treatment pulses are delivered. The window must 
be periodically wiped in order to preserve the window from local, intense overheating that 
thermally and mechanically stresses the window and causes pitting. A recessed window 
does not exhibit this problem. Another advantage is that the window can be kept warm 
5 and above the local dewpoint temperature for both the inner and outer surfaces, so water 
and other condensables do not collect on it. Since the window is not in contact with the 
skin, it does not cause any re-heating of the pre-cooled skin. 

In one embodiment of a hair removal device the radiation source includes 
an optical chamber having an exit aperture covered by the recessed window and an 

10 optical fiber entrance in which an optical fiber can be housed to permit tissue-damaging 
radiation to pass from the optical fiber into the optical chamber. The optical chamber 
may have reflective sidewalls to help equalize radiation fluence; a total internal reflecting 
optical element, such as a fused silica block, may be used to reduce losses. The optical 
chamber may also be heated to help prevent condensation from forming on the walls of 

15 the chamber or the window. A moisture wicking element may be used to wick 

condensation away from cooled surfaces adjacent the optical chamber to a heat sink or 
other heated element where the moisture evaporates. The window may include both an 
inner window and an outer, user-replaceable window; if the outer window becomes 
damaged through use, it can be easily replaced without affecting the integrity of the 

20 optical chamber. This is an advantage over fixed, single window designs that are 

rendered unusable if there is a surface imperfection due to, for example, localized pitting. 

The hair removal device may be coupled to a laser which supplies laser 
light to the radiation source for passage through the recessed window. The laser may be 
controlled by user-operated laser power inputs including a laser-pulse duration input and 

25 one of a laser-pulse amplitude input and a laser-pulse fluence input. The laser-pulse 

duration input may be adjusted according to the diameter of the hair, which corresponds 
to the thermal relaxation time of the hair. Therefore, smaller diameter hairs will typically 
call for shorter laser-pulse duration inputs while larger diameter hairs will call for a 
longer laser-pulse duration inputs. Although larger diameter hairs will be selectively 

30 heated with short pulses, defined as a pulse duration shorter than the thermal relaxation 
time of hair, the peak power on the epidermis is unnecessarily higher than it needs to be. 
This can result in a heat-induced blister. 
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Another aspect of the invention relates to a method for preparing a hair- 
removal device for use including the steps of (1) determining the diameter typical of the 
hair to be removed, and (2) selecting a laser-pulse duration for a hair removal device 
according to this diameter of the hair so that smaller diameter hair results in a shorter 
5 laser-pulse duration than larger diameter hair. This aspect may be supplemented by the 
step of (3) applying laser energy through a window of a hair removal device of the 
selected laser-pulse duration to a patient's skin to cause thermal injury to hair tissue. This 
applies to both individual hairs and a plurality of hairs. 

The methods may include selecting a chosen one of a laser-pulse 

10 amplitude and a laser-pulse fluence prior to the applying step. Further, the hair-removal 
method may also include positioning a cooling element of the hair removal device against 
a first target area and then moving, after a period of time, the cooling element from the 
first target area to a second target area so that the window overlies and is spaced apart 
from the first target area; laser energy is then applied to the first target area through the 

15 window with the window overlying and spaced apart from the first target area. 

The pulse duration has been shown to have significant clinical 
implications. A short pulse, typically in the sub-5ms, range creates high peak powers 
because high fluence is required to deliver enough energy to achieve the proper clinical 
endpoint. High peak power tends to heat the epidermis. Longer pulses result in lower 

20 peak power. 

Shorter wavelengths, such as 694nm, do not penetrate deeply into the 
patient's skin so, some believe, that it may be desirable, with such shorter wavelengths, to 
use a convex window pressing against the skin to shorten the path from the window to the 
hair tissue as is taught by U.S. Patent No. 5,735,844 patent. It has been found that by the 

25 use of longer wavelengths which are still absorbed by melanin, such as 800 to 1200nm, it 
is not necessary for the window of the radiation source to press against the patient's skin 
to effectively irradiate the hair tissue at a target area. 

Another aspect of the invention is the recognition that it is not necessary to 
cool the skin the same time it is being irradiated. This is because once the skin has been 

30 cooled through contact with a cold surface, removal of the cold surface permits the skin to 
warm up but it does so much more slowly than it has cooled down because it is relying 
almost entirely on convection rather than conduction. Recognizing the fact that the skin 
remains sufficiently cool for a second or two after removal of the cooling surface permits 



WO 00/54685 PCT7US0O/O6563 

5 

the window of the radiation source to be positioned spaced apart from the surface of the 
skin. This eliminates some problems created when the window of the radiation source 
directly contacts the skin during irradiation, such as window surface damage caused by 
intense heating from hair fragments that are heated by the laser beam. 
5 A further aspect of the invention is the recognition that radiation in the 

longer wavelengths (about 800 to 1200nm) of the band of melanin-absorbing radiation, 
typically considered from about 600nm to 1 200nm, can be used without the need for the 
use of chromophore contaminants as taught by U.S. Patent 5,425,728. 

Other features and advantages of the invention will appear from the 
10 following description in which the preferred embodiments have been set forth in detail in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a simplified cross-sectional view of a hair with its root within a 

15 hair follicle; 

Fig. 2 plots absorption coefficient versus wavelength for different 
substances including melanin; 

Fig. 3 is a schematic representation of a hair removal assembly made 
according to the invention; 
20 Fig. 3 A is a simplified side view of the hair removal device of Fig. 3 with 

portions broken away to show internal detail; 

Fig. 3B is a simplified cross-sectional view taken along line 3B-3B of Fig. 

3A; 

Fig. 4 is a bottom plan view of the hair removal device of Fig. 3 A; 
25 Fig. 4A is an overall view of the lower end of an alternative embodiment 

of the hair removal device of Fig. 3 A; 

Fig. 5 is a theoretical plot of fluence versus radial position for a diverging 

beam; 

Fit. 5 A shows an idealized plot of how to square off or equalize the 
30 fluence of the beam of Fig. 5; 

Fig. 6 is a simplified view of the radiation source of Fig. 3 showing how 
radiation is reflected from the walls of the reflective chamber to help equalize radiation 
intensity and reduce hot spots; 
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Fig. 7 shows several idealized plots of temperature versus depth below the 

skin surface; 

Figs. 8 A, 8b, 8C and 8D are two isometric views, a top plan view and an 
end view of another alternative embodiment of the hair removal device of Fig. 3 A with 
5 the economically shaped body removed; 

Fig. 9 is a simplified partial cross-sectional view of an alternative 
embodiment of the hair removal device of Fig. 3 A in which the device is configured to 
permit the user to see the skin area being treated; 

Fig. 10 is a simplified view of the bottom of a further alternative 
10 embodiment of the hair removal device of Fig. 3 A showing leading and trailing cooling 
surfaces; 

Fig. 1 1 is a partial cross-sectional side view of a hair removal device 
similar to that of Figs. 8A-8D but including a total internal reflecting optical element to 
help reduce laser radiation losses; 
15 Fig. 12 is an embodiment similar to that of Fig. 1 1 but also including a 

moisture wicking element to help remove condensation which may be produced along the 
reflecting chamber adjacent to the cooled copper block; and 

Fig. 13 is a simplified cross-sectional view taken along line 13-13 of 

Fig. 12. 

20 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
Fig. 1 illustrates, in simplified form, a hair 2 including a shaft 4 extending 
above skin surface 6 and a root 8 extending below the skin surface. The root 8 passes 
through epidermis 10 into dermis 12 with the base of the root being about 4mm below 
25 surface 6. Root 8 is housed within hair follicle 14, hair follicle 14 being surrounded by 
various tissues including connective tissue sheath 16 and blood vessels 18. The various 
tissues closely surrounding root 8 and connected with the growth of hair 2, including hair 
follicle 14 and connective tissue sheath 16, are collectively referred to as hair tissue 20 in 
this application. 

30 Because melanin is also present in epidermis 10, with darker skin types 

having more melanin than lighter skin types, it is important that the wavelength be long 
enough so that absorption is low for the moderate concentrations in melanin in the 
epidermis to permit most of the light to pass through to the root 8 and hair tissue 20 where 
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melanin concentrations are relatively high compared to the epidermis. Therefore, it is 
preferred to use wavelengths in the 800 to 1200nm range; in particular, an Nd:YAG 
(neodimium-doped YAG) laser having a wavelength of 1.06 micron is preferred because 
it is a relatively efficient source and the technology is well developed and readily 
5 available. 

Fig. 3 illustrates, schematically, a hair removal assembly 21 including a 
hand-held hair removal device 22, device 22 shown in more detail in the simplified views 
of Figs. 3 A and 3B. Device 22 includes a hand-grippable body 24 having an upper or 
outer end 26 into which an umbilical cable 28 passes. Body 24 also has a lower or skin 

10 contacting end 30 housing a formed copper block 32, block 32 having various cavities to 
provide various features and functions as described below. Block 32 defines a cooling 
surface 34, see also Fig. 4, which is used to contact the patient's skin and cool the skin 
and prior to irradiation. Surface 34 is a low friction, high lubricity surface to help prevent 
bonding between the cooling surface and the skin. 

15 Copper block 32 also houses a radiation source 36. Radiation source 36 

includes a reflective chamber 38, in this embodiment having a square cross-sectional 
shape. Reflective chamber 38 has its walls covered with a highly reflective material, such 
as gold; the material is chosen for its reflective qualities for the particular wavelength 
radiation to be used. Other materials, such as dielectric layers combined with high- 

20 reflectivity metals, could also be used. Chamber 38 has an optical fiber entrance 40 to 
permit an optical fiber 42, or a bundle of optical fibers, to extend into chamber 38. The 
opposite end of chamber 38 has an exit aperture 44 covered by a recessed window 46. 
Recessed window 46 is spaced apart from cooling surface 34 by a distance or gap 47, 
such as about 1 to 3mm (.04 to .12in). Recessed window 46 includes an inner window 

25 48, typically permanently or semi-permanently mounted to copper block 32 at exit 

aperture 44, and an outer window 50. Outer window 50 is removable secured in place by 
the use of an clip, not shown, or other suitable means. Windows 48, 50 are made of a 
suitable material, such as fused silica, although other materials, such as optical glasses, 
could also be used. By the use of inner and outer windows 48, 50, if outer window 50 is 

30 damaged, it can be easily replaced by the user. Accordingly, outer window 50 acts as a 
sacrificial window which if damaged, such as can occur through spalling as a result of 
bits of hair exploding when subjected to high power radiation, can be easily replaced. 
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Cooling surface 34 is cooled through the use of a coolant evaporator 52 
housed within a blind bore 54 formed in copper block 32. The coolant, which may be of 
various commercially available types, commonly Freon® or other fluorinated 
hydrocarbons, is directed to evaporator 52 through a coolant liquid line 56 and is recycled 
5 back to a refrigerant compressor 62 (see Fig. 3) through a coolant vapor return line 58. 
Line 58 coaxially houses coolant liquid line 56, line 58 being housed within thermal 
insulation 60. Lines 56, 58 and insulation 60 pass through umbilical cable 28 to 
refrigerant compressor 62 associated with a control console 64. Alternatively, cooling 
surface 34 can be cooled by a thermoelectric, Peltier device instead of the coolant 

10 evaporator. This, currently preferred, embodiment of the cooling device is discussed 
below with reference to Figs. 8A-8D. 

While it is desired to cool surface 34, such cooling can result in 
condensation on the surfaces of radiation source 36, in particular on the walls of chamber 
38 and on recessed window 46. To help prevent this, a separation slot 66 is made 

15 between that portion copper block 32 used to cool surface 34 and that portion of the block 
used for radiation source 36. An electrical, typically resistive, heating element 68 is 
positioned along one wall of slot 66, the right wall as shown in Figs. 3A and 3B, while 
the other, left wall is covered with thermal insulation 70. Heating element 68 is 
connected to console 64 through a conductor 71 extending along umbilical cable 28. In 

20 lieu of resistive heating element 68, the hot side of a thermoelectric type of heating 
element, such as discussed below with reference to Figs. 8A-8D, could be used. 

Laser hair removal treatments are designed to be effective and yet safe. 
That is, the treatment should cause thermal damage to hair tissue 20 but not substantial 
damage to surrounding tissue, such as blistering to the skin. To do so the energy per unit 

25 area (fluence) of the laser beam 74 at skin surface 6 must be controlled. Part of this 

control requires that the distance between skin surface 6 and the end of optical fiber 42 be 
controlled because beam 74 expands as it passes through reflective chamber 38. The 
distribution of energy across the laser beam at the skin surface should be substantially 
constant so that no hot spots, which could cause local damage to the epidermis, are 

30 created. Also, the individual exposure sites must fit tightly together, commonly called a 
tiled effect, so that there is little or no overlapping of the exposure sites and, at the same 
time, little or no area is left unexposed. The simplest shape that meets this tiling 
requirement is a rectangle. Other shapes can create a tiled pattern but they have other 
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drawbacks. Reflective chamber 38 and window 46 both have square cross-sectional 
shapes for efficient and effective treatment. 

Fig. 5 illustrates a graph of fluence versus radial position for a diverging 
beam, such as from optical fiber 42. What is desired is to square off the graph to equalize 
5 the fluence over the beam spot. This is suggested in Fig. 5A in which those portions of 
the beam at the edges are reflected or folded over back into the main portion of the beam 
to create a generally square wave graph of fluence versus radial position. Fig. 6 
illustrates how this is accomplished with the present invention. The walls 72 of chamber 
38 are made to be highly reflective of the particular wavelength of radiation. In the 

10 preferred embodiment the wavelength is 1 .06 micron and surface 72 is provided with a 
highly reflective gold surface. As suggested in Figs. 5A and 6, the diverging laser beam 
74 not only passes directly through window 46 but the edge portions of the beam are 
reflected off the walls 72 back into the main portion of the beam to create a generally 
equalized fluence level. Other optical arrangements can be used to help equalize the 

15 fluence applied to skin surface 6. For example, various devices called optical integrators 
or beam homogenizers are well known in the art of laser material processing. The 
simplicity of the present device is possible because the exit aperture, by virtue of being 
close to the cooling surface 34, is located close to the the target surface. 

In another embodiment, shown in Fig. 9, reflective chamber 38, exit 

20 aperture 44 and protective window 46A are spaced much further from the skin surface to, 
for example, give the practitioner a better view of the treatment area 73 through a view 
port 75. View port 75 may be an open region, as illustrated, or it could include, for 
example, transparent and/or reflective members to permit direct or indirect viewing of 
area 73. In this case, a lens system 77 is used between exit aperture 44 and window 46A 

25 to make an image of the exit aperture on the skin surface at treatment area 73. With this 
approach, the size of the exit aperture need not be the same size as the treatment area 73 
on the skin surface. The size of treatment area 73 could be made variable by proper 
selection of the focal length of lens system 77 and the distance between exit aperture 44 
and the lens system. This would be useful when it is desired to use the device for other 

30 treatments, such as the treatment of varicose veins. 

One way to control unwanted thermal damage to the skin is to cool the 
epidermis. Fig. 7 illustrates several idealized plots of tissue temperature versus depth 
below the skin surface. Plot A shows the normal variation of temperature versus depth 
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with the temperature rapidly approaching the normal core temperature of 37°C. Plot B 
illustrates the temperature at a range of tissue depth following a laser pulse when there 
has been no prior cooling of the skin. Assuming the energy is high enough to cause 
thermal damage at a depth of about 2 to 4mm, the typical range of depths need to cause 
5 damage to hair tissue 20, the skin surface temperature is hot enough to cause blistering 
and burning. The blistering and burning range is indicated by region 76, that is above 
about 68°C, while the temperature needed to cause hair tissue damage is indicated by 
region 78, that is above about 48°C. Plot C illustrates the result of cooling the skin 
surface after adequate pre-cooling. Adequate pre-cooling has commonly been found to 

10 be created when an copper heat sink, pre-cooled to about 0°C, is applied to the skin 

surface for about 1 to 2 seconds. Plot D plots temperature versus skin depth immediately 
after exposing the skin surface, pre-cooled as in the Plot C, to a laser-pulse similar to that 
which created Plot B. As can be seen, pre-cooling the skin surface results in prevention 
of burning or blistering the skin while permitting the target tissue, that is hair tissue 20, to 

15 be raised to a sufficiently high temperature to cause thermal damage to the tissue. Note 
that the plots in Fig. 7 are not taken from actual test data but are idealized plots provided 
to aid understanding the advantages of pre-cooling of the skin. 

Several patents discuss surface cooling to prevent tissue damage. See, for 
example, U.S. Patents 5,057,104; 5,282,789 and 5, 735,844. Coherent of Santa Clara, 

20 California sells a diode laser system for dermato logical use as the LightSheer. This 
product provides a hand piece with a cold window through which the laser exposure 
occurs. To use the device the window is first pressed against the treatment side for a 
period of time and then the laser beam is fired through the window. One of the problems 
with this simultaneous cooling technique when applied to laser hair removal is that it 

25 takes two to three seconds with the skin in contact with the cooled window to properly 
cool the skin surface to about 10 to 15°C. Thus, the practitioner must wait for about one 
to three seconds at each treatment site before firing the laser-pulse. 

The present invention eliminates any need to wait prior to firing the laser- 
pulse by separating the cooling surface and the laser discharge window. As seen in Fig. 

30 4, cooling surface 34 lies adjacent to window 46 in the direction of movement indicated 
by arrow 80. The width of surface 34 and window 46 are substantially the same while the 
length of 34 is about twice the length of window 46, that is with the length considered to 
be in the direction of arrow 80. Assuming a cooling time of two seconds is desired, the 
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forward end 82 of cooling surface 34 is placed over the first target area on skin surface 6. 
After about one second in that position, device 22 is moved in the direction of arrow 80 
the length of recessed window 46; in the preferred embodiment this is about one 
centimeter. At this time the first target area shifts to a position covered by cooling 
5 surface 34 but adjacent to window 46. After a second one-second interval, device 22 is 
again moved the length of recessed window 46; at this time the first target area, which has 
been cooled for a total of about two seconds, is aligned with recessed window 46. The 
practitioner then presses a fire button 84 on body 24 of device 22 causing a laser-pulse to 
be directed at skin surface 6. The practitioner then continues moving device 22 and 
10 pressing fire button 84 at one-second intervals to provide the desired laser treatment of 
the skin surface. 

The desired two-second cooling of skin surface 6 could also be done with 
cooling surface 34 about the same size as window 46. To do so would require that device 
22 be moved only every two seconds, or some other length of time needed to cool the 

1 5 skin surface 4. By making cooling surface 34 with a length greater than the length of 

window 46, the amount of time between laser-pulses need not be controlled by how long 
it takes to cool the skin surface. Rather, the device can be designed so that the time 
between laser-pulses is chosen to be at a comfortable pace for the operator while not 
unduly extending the time the entire procedure takes. For example, if it is believed that 

20 the proper interval between pulses is three-quarters of a second but the skin area needs to 
be cooled for three seconds, the length of cooling surface 34 could be made to be about 
four times the length of window 46; using these parameters, moving device 22 by the 
length of window 46 between each pulse permits the skin surface to be cooled for the 
desired three seconds while the practitioner can operate the fire button at the desired 

25 three-quarter second between pulses. Therefore, the length of the cooling surface (Y) is 
equal to the length of the window (X) multiplied by the time desired to cool the target site 
(C), the result divided by the desired interval between laser pulses (Z); that is , Y=(X x 
C)/Z. Adjustments to the thermal capacity, thermal conductivity and temperature of 
block 30 and cooling surface 32 can also be made to vary the required time needed to 

30 cool skin surface 6. 

Fig. 4A illustrates an alternative embodiment of the invention in which 
window 46A is rectangular having a width about three times its length. In this case 
cooling surface 34A would have a width about equal to the width window 46A. 
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However, the length of cooling surface 34A is, like in the embodiment of Fig 4, about 
twice the length of window 46 A based on the premise that the interval between actuation 
of fire button 84 will be equal to one-half the length of time it is desired to apply equal 
surface 34A to the skin surface to properly cool the skin surface. 
5 The pre-cooling of the skin surface followed by the irradiation is based on 

the premise that the skin can be cooled relatively quickly compared with the time it takes 
to warm back to its normal temperature. For example, in one experimental trial using a 
cooling surface 34 maintained at about 0°C and applying the cooling surface to skin 
surface 6 for one second lowered the skin surface temperature about 12°C; application for 

10 two seconds lowered the skin temperature by about 18°C; application for three seconds 
lowered the skin temperature by about 20°C. Therefore, two seconds of cooling time 
appears to be adequate with this particular cooling surface; three seconds of cooling time 
is better but only marginally so. While one second of cooling time does produce a 
significant drop in skin temperature, it may not be adequate depending upon various 

15 factors, primarily the amount of pigment in the patient's skin, the patient's hair color and 
other such factors. Accordingly, it is believed cooling times from about one to two 
seconds, and generally more preferably about two seconds, are expected to produce good 
results at a reasonable pace with the disclosed embodiment. 

In another mode of operation which could be used by experienced 

20 practitioners, the laser system would be set to emit pulses continuously at a constant 
repetition rate of, for example, 1 Hz. The practitioner would hold the handpiece in 
continuous contact with the patient's skin and move it at a constant velocity equal to the 
product of exposure-area length time repetition rate. This will maximize the rate at which 
the treatment proceeds while still providing adequate skin cooling and complete coverage. 

25 Figs. 8A-8D illustrate another alternative embodiment hair removal device 

22 but with the economically shaped body shown in Fig. 3 removed. Device 22A is 
similar to device 22 but instead of using coolant evaporator 52, device 22 uses a 
thermoelectric device 88, typically a Peltier device. Thermoelectric device 88 has a warm 
part 85 and a cold part 86 created by the passage of electricity through the thermoelectric 

30 device. To remove the heat created at warm part 85, thermoelectric device 88 includes a 
water cooled copper heat sink 90 having inlet and outlet lines 92, 94. The cold part 86 of 
device 88 is thermally coupled to copper block 32A by a bar extension 93 of block 32A 
so to cool cooling surface 34A, block 32A being gold-plated. 



WO 00/54685 PCT/US00/06563 

13 

Fig. 10 illustrates another embodiment of the invention in which recessed 
window 46 is centered between two cooling surfaces 34. This provides two advantages: 
(1) the practitioner can move device 22 in either direction, back and forth, without having 
to rotate the handpiece, (2) the trailing cooling surface will reduce both pain and trauma 
5 to the skin following the laser exposure. This will be particularly important for the 
treatment of patients with darker skin types. 

Fig. 1 1 illustrates a further embodiment of the invention similar to the 
embodiment of Figs. 8A-8D and also with the economically shaped body shown in Fig. 
3 removed. Reflective chamber 38B of hair removal device 22B includes a total internal 

10 reflecting optical element 100 having an entry surface 102 which accepts laser beam 74, 
an exit surface 104 facing recessed window 46, and a total internal reflecting sidewall 
surface 106. By partially filling gold-plated chamber 38B with optical element 100, 
typically a rectangular fused silica block, the same goal of uniform fluence can be 
achieved with much reduced optical absorption loss. The gold plating on wall 72B still 

1 5 remains important to maintain reflectivity as high as practical for light scattered back 

from the treated skin. Entry and exit surfaces 102, 104, windows 48, 50 and optical fiber 
42 are preferably coated with thin dielectric layers to reduce reflection losses. 

Fig. 12 illustrates a slightly modified version of the hair removal device 
22B of Fig. 11. Hair removal device 22C has a moisture wicking element 108, typically 

20 made of a refractory material such as glass or ceramic fibers that will not be affected by 
the laser beam if element 108 happens to be struck directly or indirectly by the laser 
beam. Element 108 is wrapped around the distal end 1 10 of reflective chamber 38A 
adjacent to copper block 32 A. Element 108 continues along copper block 32A and then 
up along the side of water cooled heat sink 90C. Water cooled heat sink 90C is warm 

25 enough so that condensation which may collect at or near distal end 110 of reflective 
chamber 38A can be wicked away and evaporated by the heat generated by 
thermoelectric device 88. Doing so will help keep optically sensitive areas dry and free 
of conservation. In addition, the evaporation of water will help cool heat sink 90C. It 
may be necessary or desirable to provide vents or other structure to help remove warm, 

30 moist air produced by evaporating moisture from element 108 at heat sink 90C. 

One embodiment of the laser system can operate at average power output 
levels of up to 120 watts delivered to tissue. Under these conditions there is enough 
absorption of laser power in reflective chamber 38A that it is important to thermally 
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connect it to a heat sink. One choice would be to connect chamber 38 A to the cold part 
86 of the thermo-electric cooling assembly. The problem with this configuration is that 
when device 22C is not delivering laser energy at a high rate, reflective chamber 38A 
would become cold enough to condense water vapor out of the air and could collect liquid 
5 water on sensitive optical surfaces. A better choice of heat sinking chamber 38 A is to 
thermally connect it to water-cooled heat sink 90C. The cooling water can be supplied 
from the same circulation system used to cool the laser itself; this water is typically 
cooled by a water-to-air heat exchanger (not shown). When so cooled the cooling water 
can never be colder than room temperature and is usually at least several degrees to a few 
10 tens of degrees C warmer than room temperature. This helps to ensure that the reflective 
chamber is always above the dew point and therefore incapable of condensing water out 
of the air. 

Thermal coupling of heat sink 90C with chamber 38A is provided by an 
extension 112 of heat sink 90. Extension 112 passes through a cut-out in a circuit board 

15 116 and contacts a proximal end 1 18 of reflective chamber 3 8 A. See Figs. 12 and 13. A 
pair of set screws 120 are used to secure proximal end 1 18 to extension 1 12 for stability 
and to ensure good thermal contact. Heat sink 90 is typically made of copper and 
chamber 38A is typically made of aluminum so that heat sink 90 keeps chamber 38A 
warm enough to help prevent condensation on chamber 3 8 A. 

20 Another aspect of the invention relates to the control of the laser-pulse 

according to the diameter of shaft 4 of hair 2. Part of this selection is based on the belief 
that laser-pulse duration should be selected to match the thermal relaxation time of the 
targeted hair. For small diameter hair the pulse should be shorter while for larger 
diameter hair the pulse should be longer. This belief is used in conjunction with the 

25 belief that high peak powers should be avoided. Thus, it is preferred to use longer pulse 
durations with lower peak powers and to selectively adjust the duration according to the 
shaft diameter to minimize or eliminate damage to epidermis 10 while not sacrificing heat 
transfer to hair tissue 20. With this in mind, it is believed that a wavelength in the range 
of about 800 to 1200nm would be quite suitable for use with the present invention. For 

30 the preferred embodiment a wavelength of 1.06 micron has been chosen. The choice of a 
1 .06 micron laser is beneficial for many reasons. It permits treating of patient having 
darker pigmented skin than the shorter wavelength lasers commonly used. The 1 .06 
micron laser is relatively efficient, requires no special cooling and has the ability to create 
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high pulse energy (such as about 4000 watts in one preferred embodiment) in low duty 
cycle pulses without large power-consuming support systems. Further the 1 .06 micron 
laser can use flash lamp exitation which can be engineered at a fraction of the cost of high 
peak power diode lasers. 
5 Console 64 is provided with control panel 95 (see Fig. 3) having a number 

of inputs 96 to provide the desired user control. Inputs 96 include a laser-pulse duration 
input, which is chosen according to the hair shaft diameter. The laser-pulse duration 
pulse input could be selected in terms of actual or relative time duration or in terms of 
actual or relative hair shaft diameter thickness. In addition to the laser pulse duration 

10 (hair shaft diameter) input, control panel 96 also includes one or both of a laser-pulse 
amplitude input or a laser-pulse fluence input. Other inputs to permit other variables to 
be controlled can also be provided. Console 64 may also include a display 98 to provide 
the user with information, such as the temperature of cooling surface 34, optimal laser 
pulse actuation rate, laser-pulse duration selected, etc. In one preferred embodiment 

15 control panel 95 includes the following inputs: keyswitch to start the system and turn it 
off, standby and ready buttons to select the state of operation, controls to select fluence 
level, pulse width and repetition rate, and emergency-off button; and has the option of 
displaying the following information: laser and handpiece status (ready/not ready), laser 
emission indicator, and pulse counter. 

20 In use, the operator first determines the general diameter of the hair to be 

removed from the patient. Then the laser-pulse duration is selected using the appropriate 
input 96. In one embodiment, typical hair shaft diameters of about 25 to 150 micrometers 
will result in laser-pulse durations of about 25 to 150 microseconds. The laser-pulse 
amplitude or laser-pulse fluence is also selected using an appropriate input 96. After 

25 ensuring that the temperature of cooling surface 34 has reached the desired operating 

temperature, the front end 82 of cooling surface 34 is placed on the initial target area on 
the patient's skin. To ensure full treatment of the entire area of the skin without missing 
areas or having excessive overlaps in area, the skin area may be temporarily marked with 
a set of lines or a grid to help guide device 22. Front end 82 of cooling surface 34 is then 

30 placed at a first target area on the patient's skin. Cooling surface 34 typically remains in 
place from about .25 to two seconds. In one preferred embodiment, cooling surface 34 
remains in place for one second; after the first second, device 22 is moved in the direction 
of arrow 80 a distance equal to the length of window 46. After remaining at this position 
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for one second, the user again moves a distance equal to one window length. At this 
point the first target area has been cooled for the designed two seconds so the target area 
can be irradiated by pressing fire button 84 during the next one-second interval. 
Following the firing of a laser and the expiration of the one-second interval, the operator 
5 again moves device 22 in the direction arrow 80 one window length and presses fire 
button 84 to irradiate skin surface 6 thus causing thermal damage to hair tissue 20. The 
thermal damage is intended to cause the hair root area to be denatured so that the hair 
does not grow back. This procedure continues over the entire treatment area. 

Modification and variation can be made to the disclosed embodiments 
10 without departing from the subject of the invention as defined in the following claims. 
While the invention has been described primarily with reference to hair-treatment 
methods, it may also be useful for other dermatological application. 

Any and all patents, patent applications and printed publications referred 
to above are incorporated by reference. 
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1 1 . A hair removal device comprising: 

2 a body having a skin-contacting end; 

3 a skin-cooling element carried by the body and having a cooling surface at 

4 the skin-contacting end; 

5 a radiation source carried by the body and having a recessed window 

6 through which hair tissue-damaging radiation passes to a patient's skin; 

7 said recessed window being laterally offset from the cooling surface; and 

8 said recessed window being spaced apart from the cooling surface in a 

9 direction away from the patient's skin when the cooling surface is contacting the patient's 
10 skin so to create a gap between the window and the patient's skin. 

1 2. The device according to claim 1 further comprising a radiation 

2 pulse actuator button carried by the body. 

1 3. The device according to claim 1 wherein said radiation source 

2 comprises an optical chamber having an exit aperture covered by said recessed window 

3 and an optical fiber entrance in which an optical fiber can be housed to permit hair tissue- 

4 damaging radiation to pass from the optical fiber into the optical chamber. 

1 4. The device according to claim 3 wherein the exit aperture is 

2 rectangular. 

1 5. The device according to claim 4 wherein the exit aperture is square. 

1 6. The device according to claim 3 wherein the optical chamber 

2 comprises light-reflecting walls which help to equalize the fluence of radiation passing 

3 through the exit aperture. 

1 7. The device according to claim 3 wherein said optical chamber 

2 comprises a total internal reflecting optical element having an entry surface facing the 

3 optical fiber, an exit surface facing the recessed window and a total internal reflecting 

4 sidewall surface so that effectively all radiation entering the entrance surface from the 

5 optical fiber passes through the exit surface. 
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1 8. The device according to claim 7 wherein the optical element 

2 comprises a rectangular fused silica block. 

1 9. The device according to claim 3 wherein said optical chamber 

2 comprises a beam size-defining lens system by which the lateral size of the radiation 

3 beam passing through the recessed window can be controlled. 

1 10. The device according to claim 3 further comprising a heating 

2 element thermally coupled to the optical chamber so to permit heating of at least a part of 

3 the optical chamber. 

1 11. The device according to claim 10 further comprising a moisture- 

2 wicking element extending between a region cooled by the skin-cooling element and the 

3 heating element so that condensation at said region can be wicked away for evaporation 

4 by the heating element. 

1 12. The device according to claim 1 wherein the cooling surface is 

2 adjacent to the recessed window and is aligned with the recessed window along a 

3 direction of motion. 

1 13. The device according to claim 12 wherein the recessed window and 

2 the cooling surface have window and cooling surface dimensions along the direction of 

3 motion. 

1 14. The device according to claim 13 wherein the cooling surface 

2 dimension is at least about two times the window dimension. 

1 15. The device according to claim 13 wherein the cooling surface 

2 dimension is about equal to the window dimension multiplied by a first chosen time 

3 interval for cooling the patient's skin, the result divided by a second chosen time interval 

4 between applications of the hair tissue-damaging radiation. 



1 
2 



16. The device according to claim 1 wherein the window comprises an 
inner window and an outer, user-replaceable window. 
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1 17. The device according to claim 15 further comprising an user- 

2 removable clip releasably mounting the outer window to the body adjacent to the inner 

3 window. 

1 18. The device according to claim 1 wherein the body is a hand- 

2 grippable body. 

1 19. The device according to claim 1 wherein the cooling surface is a 

2 high lubricity surface to help prevent bonding between the cooling surface and skin. 

1 20. The device according to claim 1 further comprising a view port 

2 formed adjacent to the recessed window to permit viewing of the patient's skin directly 

3 under the recessed window. 

1 21 . The device according to claim 1 further comprising means for 

2 viewing of the patient's skin directly under the recessed window. 

1 22. The device according to claim 1 wherein the skin cooling element 

2 comprises first and second of said cooling surfaces with the recessed window being 

3 located between said first and second cooling surfaces. 

1 23. A hair removal assembly comprising: 

2 a body having a skin-contacting end; 

3 a skin-cooling element carried by the body and having a cooling surface at 

4 the skin-contacting end; 

5 a radiation source carried by the body and having a window through which 

6 hair tissue-damaging radiation passes to a patient's skin; 

7 said window being laterally offset from the cooling surface; 

8 a laser supplying laser light to the radiation source for passage through the 

9 window; and 

10 laser-power inputs comprising a laser-pulse duration input and one of a 

1 1 laser-pulse amplitude input and a laser-pulse fluence input. 

1 24. The assembly according to claim 23 wherein said window is a 

2 recessed window spaced apart from the cooling surface in a direction away from the 
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3 patient's skin when the cooling surface is contacting the patient's skin so to create a gap 

4 between the radiation source and the patient's skin. 

1 25. The assembly according to claim 23 further comprising a source of 

2 a liquid coolant, and wherein the cooling element comprises a heat sink, a coolant 

3 evaporator thermally coupled to the heat sink, a coolant supply line coupling the coolant 

4 evaporator to the source of liquid coolant, and a coolant vapor return line coupling the 

5 evaporator to the source of liquid coolant. 

1 26. The assembly according to claim 25 wherein the source of liquid 

2 coolant comprises a refrigerant compressor. 

1 27. The assembly according to claim 23 wherein the skin-cooling 

2 element comprises a heat sink and a thermoelectric device having a cooled part, thermally 

3 coupled to the heat sink, and a heated part. 

1 28. The assembly according to claim 27 wherein the heated part of the 

2 thermoelectric device is thermally coupled to a second heat sink. 

1 29. The assembly according to claim 28 wherein the second heat sink 

2 is a liquid-cooled heat sink. 

1 30. The assembly according to claim 23 further comprising a heating 

2 element thermally coupled to the radiation source. 

1 31. The assembly according to claim 30 further comprising a moisture- 

2 wicking element extending between a region cooled by the skin-cooling element and the 

3 heating element so that condensation at said region can be wicked away for evaporation 

4 by the heating element. 

1 32. The assembly according to claim 31 wherein the heating element 

2 comprises a heat sink portion and said wicking element is in contact with the heat sink 

3 portion of the heating element. 

1 33. The assembly according to claim 23 wherein said radiation source 

2 comprises an optical chamber having an exit aperture covered by said window and an 
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3 optical fiber entrance in which an optical fiber is housed to permit laser light from the 

4 laser to be directed into the optical chamber, and further comprising a heating element 

5 thermally coupled to the optical chamber to help prevent condensation on said optical 

6 chamber or said window. 

1 34. The assembly according to claim 33 wherein the heating element 

2 comprises a heat sink portion in physical contact with the optical chamber. 

1 35. The assembly according to claim 26 wherein said optical chamber 

2 comprises a total internal reflecting optical element having an entry surface facing the 

3 optical fiber, an exit surface facing the recessed window and a total internal reflecting 

4 sidewall surface so that effectively all radiation entering the entrance surface from the 

5 optical fiber passes through the exit surface. 

1 36. The assembly according to claim 35 wherein the optical element 

2 comprises a rectangular fused silica block. 

1 37. The assembly according to claim 26 wherein said optical chamber 

2 comprises a beam size-defining lens system by which the lateral size of the radiation 

3 beam passing through the recessed window can be controlled. 

1 38. The assembly according to claim 26 further comprising a moisture 

2 wicking element extending between a region cooled by the skin-cooling element and the 

3 heating element so that condensation at said region can be wicked away for evaporation 

4 by the heating element. 

1 39. A hair-removal method comprising: 

2 determining the diameter typical of the hair to be removed from a patient; 

3 selecting a laser-pulse duration for a hair removal device according to this 

4 diameter of the hair so that smaller diameter hair results in a shorter laser-pulse duration 

5 than larger diameter hair; and 

6 applying laser energy through a window of the hair removal device of the 

7 selected laser-pulse duration to a patient's skin to cause thermal injury to hair tissue. 



1 



40. A method for preparing a hair-removal device for use comprising: 
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2 determining the diameter typical of the hair to be removed from a patient; 

3 and 

4 selecting a laser-pulse duration for a hair removal device according to this 

5 diameter of the hair so that smaller diameter hair results in a shorter laser-pulse duration 

6 than larger diameter hair. 

1 41 . The method according to claims 39 or 40 further comprising the 

2 step of selecting a chosen one of a laser-pulse amplitude and a laser-pulse fluence prior to 

3 the applying step. 

1 42. The method according to claim 39 wherein the laser energy 

2 applying step is carried out by: 

3 positioning a cooling element of the hair removal device against a first 

4 target area on the patient's skin; 

5 moving, after a chosen cooling period of time, the cooling element from 

6 the first target area to a second target area with the window overlying and spaced-apart 

7 from the first target area; 

8 applying the laser energy to the first target area through the window with 

9 the window overlying and spaced-apart from the first target area 

1 43. The method according to claim 42 further comprising moving, after 

2 the laser energy applying step, the window to overlay the second target area while 

3 positioning a second cooling surface against the first target area. 

1 44. The method according to claim 42 wherein the moving step is 

2 carried out with the chosen cooling period of time being about .25 to two seconds. 

1 45. The method according to claims 39 or 40 further comprising the 

2 step of selecting a hair removal device using laser energy in the 800 to 1200nm avelength 

3 range. 

1 46. The method according to claims 39 or 40 further comprising the 

2 step of selecting a hair removal device using laser energy having a wavelength of about 

3 1.06 microns. 
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1 47. The method according to claims 39 or 40 wherein the selecting step 

2 is carried out so that hair diameters from about 25 to 150 micrometers result in laser-pulse 

3 durations of about 5 to 50 milliseconds. 

1 48. A method for preparing to apply hair tissue-damaging radiation to a 

2 target site on a patient's skin comprising: 

3 accessing a hair removal device having a skin cooling surface and a 

4 radiation source with a window through which hair tissue-damaging radiation passes, the 

5 skin cooling surface and the window aligned along a direction of motion; 

6 selecting a chosen one of : 

7 (i) a first chosen time interval (C) for cooling the target site; and 

8 (ii) a second chosen time interval (Z) between applications of hair 

9 tissue-damaging radiation; and 

1 0 determining the other of the first and second time intervals based on the 

1 1 following: 

12 Y= (X x C) /Z, where 



13 
14 



X and Y are the respective lengths of the cooling surface and the 
window measured in the direction of motion. 
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FIG. 3 A. 



FIG. 3B. 
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A hair-removing device 
(1) comprises a laser source (3), 
an adjustable laser beam manip- 
ulator (5) for positioning a laser 
beam (7) of the laser source 
(3) in a target position (9) on 
a skin (11) to be treated, and 
an image sensor (47) for de- 
tecting an image (49) of the 
skin. According to the inven- 
tion, the hair-removing device 
further comprises a control unit 
(17) which determines a posi- 
tion and orientation on the skin 
of a hair (13) to be removed, 
and which determines the tar- 
get position of the laser beam as 
a function of said position and 
orientation of the hair. The con- 
trol unit brings the laser beam 
manipulator in a state corre- 
sponding to the target position 
of the laser beam, and activates 
the laser source when the laser 
beam manipulator has reached 

said state. Thus, the hair-removing device is suitable for use by inexperienced users, and is particularly suitable for the consumer market. 
In a particular embodiment, the control unit determines the target position of the laser beam in a position (71) on the skin under which a 
root (15) of the hair is present, so that the root of the hair is destroyed and the hair-removing device (1) is an epilating device by means 
of which the hair is removed for a relatively long time or even permanently. In another embodiment, the control unit determines the target 
postion of the laser beam in a position (65) on the hair where the hair comes out of the skin, so that the hair is burnt through near the skin 
surface and the hair-removing device (1") is a shaving device by means of which a high skin smoothness is obtained. 
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1 

Hair-removing device with a controllable laser source. 



The invention relates to a hair-removing device provided with a laser source, an 
adjustable laser beam manipulator for positioning a laser beam supplied by the laser source 
during operation in a target position on a skin to be treated, and an image sensor for detecting 
an image of at least a portion of the skin. 

5 

A hair-removing device of the kind mentioned in the opening paragraph is 
known from US patent 5,653,706. The known hair-removing device is designed for use by a 
professional therapist and may be used not only for removing hairs but also for other 
dermatological treatments such as the treatment of necrotic skin tissue, varicose veins, or 

1 0 pigment spots. The image of the skin detected by the image sensor is rendered visible to the 
therapist on a picture screen. The known hair-removing device further comprises a control 
member by means of which the therapist can operate the laser beam manipulator and can thus 
guide the laser beam supplied by the laser source manually over the skin under treatment. 
While being guided over the skin, the laser beam has only a comparatively low energy density, 

1 5 and the therapist can monitor the position of the laser beam on the skin by means of the picture 
screen. When the laser beam is in the target position as determined by the therapist, the laser 
beam can be intensified for a predetermined time duration by the therapist through the 
operation of a further control member of the hair-removing device. The laser beam has a 
wavelength which is well absorbed by the tissue to be treated, so that the tissue present around 

20 the target position is strongly heated locally by the laser beam, and the relevant tissue dies. For 
a permanent removal or epilation of a hair present on the skin, the laser beam is aimed at the 
root of the hair, so that the root and the tissue surrounding it die. Since the known hair- 
removing device is provided with said image sensor and adjustable laser beam manipulator, it 
is possible to treat the skin locally with a laser beam of a comparatively small spot diameter, 

25 so that the laser source need have only a comparatively low power. Accordingly, a 

comparatively small and simple laser diode is used in the known hair-removing device. 

A disadvantage of the known hair-removing device is that a comparatively long 
treatment time is necessary for the removal of all hairs present on a skin under treatment 
because the therapist must displace the laser beam manually from one hair to the next. In 
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addition, a determination of the target position of the laser beam on the skin requires the user 
to have a considerable experience, so that the known hair-removing device is suitable 
exclusively for use by a professional therapist. 

5 It is an object of the invention to provide a hair-removing device of the kind 

mentioned in the opening paragraph with which a comparatively short treatment time is 
possible and which is suitable for use by inexperienced persons, i.e. suitable for the consumer 
market. 

To achieve this object, a hair-removing device according to the invention is 

1 0 characterized in that the laser source is controllable by means of an electrical control unit, 
which control unit during operation determines the target position of the laser beam as a 
function of a position and/or orientation on the skin of a hair to be removed as determined 
from the image by the control unit, and which control unit activates the laser source the 
moment the laser beam manipulator is in a position which corresponds to the target position of 

15 the laser beam. The determination of the target position of the laser beam and the activation of 
the laser source take place fully automatically because the target position of the laser beam is 
determined by the control unit and the laser source is activated by the control unit when the 
laser beam manipulator is in a position which corresponds to the target position of the laser 
beam. The control unit also renders it possible, for example, to adjust the laser beam 

20 manipulator in a predetermined manner automatically in that position which corresponds to 
the target position of the laser beam on the skin. This renders the hair-removing device 
according to the invention suitable for a safe use by inexperienced persons, so that the hair- 
removing device is particularly suitable for the consumer market. The control unit comprises, 
for example, a suitable algorithm for determining the target position for the laser beam from 

25 the image of the skin detected by the image sensor, which algorithm is capable of determining 
the position and/or the orientation of the hair to be removed on the skin on the basis of the 
image information and is capable of determining the target position on the basis of said 
position and/or orientation of the hair. The automatic determination of the target position of 
the laser beam as described above, the automatic adjustment of the laser beam manipulator, 

30 and the automatic activation of the laser source take place within a comparatively short time, 
so that a comparatively short treatment period can be achieved by means of the hair-removing 
device according to the invention. 

A special embodiment of a hair-removing device according to the invention is 
characterized in that the control unit determines the target position of the laser beam in a 
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partial region of the image having dimensions which are determined by a previously 
determined average distance between hairs present on the skin and a previously determined 
length of the hairs. In this special embodiment, the control unit is active substantially 
exclusively in said partial region of the image which comprises no more than a few hairs to be 
5 removed, and preferably only a single hair. Said previously determined length of the hairs 

should preferably be smaller than said average distance between the hairs and can be achieved, 
for example, in that the hairs are trimmed by means of a separate trimmer or, for example, a 
trimmer belonging to the hair-removing device prior to the treatment by means of the hair- 
removing device. Since the control unit is active substantially exclusively in said partial region 

1 0 of the image, a calculation time and calculation capacity of the control unit required for 
determining the target position are strongly reduced. 

A further embodiment of a hair-removing device according to the invention is 
characterized in that the dimensions of the partial region of the image are adjustable. Since the 
dimensions of the partial region of the image are adjustable, said dimensions can be adapted to 

1 5 the properties of the skin under treatment by the user of the hair-removing device, so that the 
treatment time and treatment result can be optimized for each individual user. 

A yet further embodiment of a hair-removing device according to the invention 
is characterized in that the laser beam manipulator is adjustable by means of the control unit 
into a sequence of consecutive positions which correspond to a regular sequence of virtual 

20 positions of the laser beam on said portion of the skin, a reference position in the partial region 
of the image corresponding to the instantaneous virtual position of the laser beam, and the 
control unit activating the laser source when the reference position corresponds to the target 
position of the laser beam. In this yet further embodiment, the portion of the skin 
corresponding to the image is scanned by the laser beam manipulator in a regular manner. 

25 Since the reference position lying in the partial region of the image corresponds to the 

instantaneous virtual position of the laser beam, the partial region of the image will follow the 
instantaneous virtual position of the laser beam, so that the target position in the partial region 
of the image as determined by the control unit changes continually with respect to the 
reference position. An advantage of this yet further embodiment is that the laser beam 

30 manipulator is continuously justed in a regular manner by the control unit, so that the laser 
beam manipulator need not have an exceptionally short adjustment time and an exceptionally 
high adjustment accuracy. 

A special embodiment of a hair-removing device according to the invention is 
characterized in that the control unit determines the target position of the laser beam in a 
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regular sequence of consecutive partial regions of the image, the laser beam manipulator being 
adjustable by means of the control unit in each of said partial regions into a position which 
corresponds to the target position of the laser beam in the relevant partial region. In this 
special embodiment, the detected image of the skin is scanned by the control unit in a regular 
5 manner in accordance with said sequence of consecutive partial regions. The control unit 
determines a target position in each of the consecutive partial regions, whereupon the laser 
beam manipulator is adjusted into the position corresponding to the relevant target position by 
the control unit. An advantage of this special embodiment is that the laser beam manipulator 
need not scan the full portion of the skin which corresponds to the image but is merely 

1 0 adjusted consecutively into positions which correspond to the target positions as determined in 
the consecutive partial regions of the image. It is true that the laser beam manipulator is 
adjusted in an irregular manner by the control unit here, so that comparatively high 
requirements are imposed on the adjustment time and the adjustment accuracy of the laser 
beam manipulator, but the treatment time of the hair-removing device is considerably further 

1 5 reduced. 

A further embodiment of a hair-removing device according to the invention is 
characterized in that the control unit determines from the position and orientation on the skin 
of the hair to be removed, as determined from the image, a region on the skin below which a 
root of the hair will be present with a predetermined degree of probability, the control unit 

20 determining at least one target position on the skin in said region. In this further embodiment, 
the hair-removing device is used as an epilation device. Since the laser beam treats the root of 
the hair, the root of the hair will die, as will the skin tissue present in the immediate vicinity, 
so that the hair is permanently removed, or at least for a longer period. The region on the skin 
below which the root is deemed to be present with the predetermined degree of probability is 

25 determined by the control unit on the basis of, for example, previously determined statistical 
information on the length of the subcutaneous portions of hairs and on the angle of the 
subcutaneous portions of hairs with respect to the skin surface. 

A yet further embodiment of a hair-removing device according to the invention 
is characterized in that the laser beam manipulator is adjustable by means of the control unit 

30 into a sequence of consecutive positions which correspond to a displacement of the laser beam 
over a rectilinear path on the skin with a predetermined velocity, said rectilinear path lying on 
a virtual straight line which coincides substantially with a perpendicular projection of the hair 
to be removed on the skin, the control unit activating the laser source at the start of said 
displacement. The region on the skin mentioned above below which the root of the hair will be 
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present with the predetermined degree of probability can thus be efficiently treated in its 
entirety, while a required spot diameter of the laser beam is considerably reduced. 

A particular embodiment of a hair-removing device according to the invention 
is characterized in that the laser beam manipulator is adjustable by means of the control unit 
5 into a number of consecutive fixed positions corresponding to a number of fixed target 

positions of the laser beam on a rectilinear path on the skin, which rectilinear path lies on a 
virtual straight line which coincides substantially with a perpendicular projection of the hair to 
be removed on the skin, the control unit activating the laser source in each of said fixed 
positions of the laser beam manipulator during a predetermined time. Said region on the skin 

1 0 below which the root of the hair will be present with the predetermined degree of probability 
can thus likewise be efficiently treated in its entirety, while a required spot diameter of the 
laser beam is likewise strongly reduced. 

A further embodiment of a hair-removing device according to the invention is 
characterized in that the control unit determines an exit position on the hair, where the hair 

1 5 issues from the skin, from the position and orientation on the skin of the hair to be removed as 
determined from the image, the control unit equalizing the target position of the laser beam 
with a position on the hair adjacent said exit position. This further embodiment of the hair- 
removing device is used as a shaver. Since the target position of the laser beam lies on the hair 
adjacent the exit position of the hair, the hair will be burnt through by the laser beam adjacent 

20 the exit position, i.e. adjacent the skin surface. The control unit may be programmed, for 

example, such that the target position lies at a level with the skin surface, or even below the 
skin surface, so that a very smooth shaving result is obtained which is maintained for a 
comparatively long period. The hair-removing device may be provided, for example, with a 
further adjustment member for adjusting the target position relative to the skin surface, so that 

25 the user can set a desired smoothness. 

A still further embodiment of a hair-removing device according to the invention 
is characterized in that the hair-removing device comprises a separate illumination member for 
illuminating at least the portion of the skin which is to be detected by the image sensor. The 
use of the separate illumination member achieves that the image detected by the image sensor 

30 is fully formed by light from the illumination member reflected by the skin, and the laser 
source can be completely switched off between the exposures of two consecutive target 
positions. Reflected light coming from the laser beam need not reach the image sensor because 
the image detected by the image sensor is fully formed by light of the illumination member 
reflected by the skin. Accordingly, the image sensor may be provided with a filter for the 
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reflected light of the laser beam, so that the image sensor is protected against damage which 
may arise as a result of the reflected light of the laser beam when the laser beam is in its target 
position and has a high energy density. 

A special embodiment of a hair-removing device according to the invention is 
5 characterized in that the control unit determines from the image a reflection spectrum of the 
skin portion detected by the image sensor, the control unit comparing the reflection spectrum 
with a predetermined reference spectrum of at least one frequently occurring skin deviation, 
while the control unit determines from said comparison positions on the skin in which said 
skin deviation is present and does not activate the laser source in said positions on the skin. It 

10 is prevented in this special embodiment that the laser beam is aimed at target positions which 
lie within such a skin deviation such as, for example, a mole or some other pigment spot. Such 
skin deviations often have a comparatively high absorption power for the laser light used for 
the treatment of the hairs or hair roots, so that injuries arise in the case of contact with laser 
light. This special embodiment thus provides an automatic protection from such injuries. 

1 5 A further embodiment of a hair-removing device according to the invention is 

characterized in that the control unit comprises means for determining an actual position of the 
laser beam on the skin from the image detected by the image sensor. Since the actual position 
of the laser beam on the skin is determined, the laser beam manipulator can, for example, be 
corrected or calibrated in such a manner that said actual position accurately corresponds with 

20 the desired target position determined by the control unit. Since said actual position is 

determined by the image sensor, a separate sensor for determining said actual position is not 
necessary, and the image sensor is used in an effective manner. 

A yet further embodiment of a hair-removing device according to the invention 
is characterized in that the laser beam manipulator is adjustable by means of the control unit 

25 via an output signal of the control unit in accordance with a predetermined mathematical 
relation between said output signal and the target position, the control unit comprising a 
calibration member for calibrating said predetermined mathematical relation on the basis of a 
measured relation between said output signal and the actual position of the laser beam on the 
skin. Since the control unit adjusts the laser beam manipulator in accordance with said 

30 predetermined mathematical relation between said output signal and the target position, the 
output signal required to achieve a predetermined target position can be determined by the 
control unit in a relatively short time period, so that the predetermined target position is 
achieved in a relatively short time period. Since said mathematical relation is calibrated on the 
basis of a measured relation between said output signal and said actual position, the laser beam 
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is very accurately positionable in the target position by the laser beam manipulator, so that 
damage of the skin around the target position by the laser beam is prevented as much as 
possible, and the target position is not missed by the laser beam. 

A particular embodiment of a hair-removing device according to the invention 
5 is characterized in that, for determining the actual position of the laser beam on the skin, the 
control unit activates the laser source at a comparatively low energy density. When the laser 
source is activated at a low energy density, the laser beam generates a spot on the skin which 
is sufficiently bright to be detected by the image sensor, but which does not damage nor 
irritate the skin. Thus, the actual position of the laser beam on the skin can be determined by 
1 0 the control member of the control unit in a safe and reliable manner, and the energy 
consumption of the laser source is considerably limited. 

The invention will be explained in more detail below with reference to the 
drawing, in which 

1 5 Fig. 1 diagrammatically shows a hair-removing device according to the 

invention, 

Fig. 2 is a diagrammatic cross-section of a skin to be treated adjacent a hair 
which is to be removed by means of the hair-removing device of Fig. 1, 

Fig. 3 diagrammatically shows an image of a portion of a skin under treatment 
20 which is detected by means of an image sensor of the hair-removing device of Fig. 1 , 

Fig. 4 diagrammatically shows a control unit of the hair-removing device of 

Fig. 1, 

Fig. 5a diagrammatically shows a partial region of the image of Fig. 3, 
Fig. 5b diagrammatically shows a partial region of the image of Fig. 3 in an 
25 alternative embodiment of a hair-removing device according to the invention, 

Fig. 6 shows a reflection spectrum determined by the control unit of Fig. 4 from 
the image of Fig. 3, 

Fig. 7 diagrammatically shows a control unit of a further embodiment of a hair- 
removing device according to the invention, 
30 Fig. 8 diagrammatically shows a partial region of a detected image of the skin 

under treatment generated by the control unit of Fig. 7, and 

Fig. 9 diagrammatically shows a partial region of an image of the skin under 
treatment generated by a control unit of a yet further embodiment of a hair-removing device 
according to the invention. 
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The hair-removing device 1 according to the invention diagrammatically shown 
in Fig. 1 comprises a laser source 3 and an adjustable laser beam manipulator 5 for positioning 
a laser beam 7 supplied during operation by the laser source 3 in a target position 9 on a skin 
1 1 to be treated. The hair-removing device 1 is an epilation device by means of which hairs 13 
5 present on the skin 1 1 can be removed for a comparatively long period or even permanently. If 
a hair 1 3 is to be epilated, the target position 9 of the laser beam 7 must be approximately in a 
position on the skin 1 1 below which a root 15 of the hair 13 is present, as is diagrammatically 
shown in Fig. 2. The laser beam 7 contains monochromatic light with a wavelength which is 
well absorbed by the hair 13 and is substantially not absorbed by tissue of the skin 1 1 . The 

10 result of this is that it is substantially exclusively the root 15 of the hair 13 which is strongly 
heated by the laser beam 7, so that the root 15 dies. A good optical selectivity between the 
hairs 13 and the tissue of the skin 1 1 is achieved with a wavelength between approximately 
650 nm and 1200 nm in the case of a white skin with dark hairs. Light with such a wavelength 
is well absorbed by melanin, a pigment which occurs in a high concentration in dark hairs and 

1 5 only in a low concentration in a white skin. Light with such a wavelength is also badly 

absorbed by water, by hemoglobin, a red pigment which occurs in a high concentration in 
blood, and by keratin, a substance which occurs in a high concentration in both the outer skin 
(epidermis) and in the skin tissue which occurs at a lower depth in the skin, where the roots 1 5 
of the hairs 1 3 are present. A sufficient pulse duration and energy density of the laser beam 7 

20 are furthermore necessary for achieving an effective operation of the hair-removing device 1. 
A too short pulse duration leads merely to a heating of the root 1 5 and not to a heating of the 
tissue present in the immediate vicinity of the root 15. The result is that said tissue remains 
intact, so that a new root and hair can develop. A too long pulse duration leads to an excessive 
heating of the tissue present at some distance from the root 1 5 owing to thermal conduction, 

25 which may give rise to skin irritation or even skin damage. Good results are obtained with a 
pulse duration of the laser beam 7 of between approximately 1 ms and 1 00 ms and an energy 
density of the laser beam 7 of between approximately 15 J/cm 2 and 50 J/cm 2 . 

The laser beam 7 can be accurately positioned in the target position 9 by means 
of the laser beam manipulator 5 in a manner to be described in more detail below, while the 

30 target position 9 can be accurately determined by means of an electrical control unit 17 of the 
hair-removing device 1 in a manner to be described in more detail below. As a result, the laser 
beam 7 need have only a comparatively small spot diameter for heating the root 15. Good 
results are obtained at a spot diameter of the laser beam 7 of between approximately 0.3 mm 
and 1.0 mm. This comparatively small spot diameter means that the laser source 3 need have 
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only a comparatively low output power of a few watts for achieving the required energy 
density and pulse duration of the laser beam 7. The laser source 3 used in the hair-removing 
device 1 accordingly comprises only a comparatively small and simple laser diode which is 
known per se and which is not shown in detail in Fig. 1 , or a series of fiber-coupled laser 
5 diodes which are known per se and are also not shown in detail in Fig. 1 . The laser source 3 
further comprises a collimator lens system which is also not shown in Fig. 1 and by means of 
which the laser beam 7 is directed so as to be substantially parallel. 

As Fig. 1 further shows, the laser beam manipulator 5 comprises a first 
adjustable tilting mirror 19 and a second adjustable tilting mirror 21 which are both positioned 

10 at an angle of approximately 45° with respect to a contact surface 23 with which the hair- 
removing device 1 is to be laid against the skin 1 1 . The first tilting mirror 1 9 is tiltable through 
limited angles about a first tilting axis 21 extending in the plane of the first tilting mirror 19 
and parallel to the contact surface 23 by means of an actuator 25 which is depicted 
diagrammatically only in Fig. 1. The second tilting mirror 21 is tiltable through limited angles 

15 about a second tilting axis 31 lying in the plane of the second tilting mirror 21 and crossing the 
first tilting axis 27 approximately perpendicularly by means of an actuator 29 which is also 
depicted diagrammatically only in Fig. 1 . The laser beam 7 supplied by the laser source 3 
during operation is reflected by the first tilting mirror 19 and the second tilting mirror 21 
through angles of approximately 45°, so that the laser beam 7 hits the skin 1 1 under treatment 

20 substantially perpendicularly in the target position 9 through an opening 33 provided in the 

contact surface 23. It is noted that the opening 33 may be covered by means of a cover plate of 
a transparent material. The target position 9 of the laser beam 7 on the skin 1 1 is displaceable 
parallel to an X-direction, which lies in the contact surface 23 and which crosses the first 
tilting axis 27 perpendicularly, in that the first tilting mirror 19 is tilted about the first tilting 

25 axis 27 by the actuator 25. The target position 9 of the laser beam 7 on the skin 1 1 is 
displaceable parallel to a Y-direction, which also lies in the contact surface 23 and is 
perpendicular to the X-direction. in that the second tilting mirror 21 is tilted about the second 
tilting axis 3 1 by the actuator 29. 

As Fig. 1 further shows, the hair-removing device 1 comprises a separate 

30 illumination member 35 by means of which a portion of the skin 1 1 under treatment present 
below r the opening 33 is illuminated during operation. The illumination member 35 may be a 
simple lamp. A light beam 37 supplied by the illumination member 35 during operation falls 
through a transparent plate 39, which also transmits the laser beam 7, onto said portion of the 
skin 11. The transparent plate 39 is positioned at an angle of approximately 45° with respect to 
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the contact surface 23 and is provided with a mirroring surface 41 at a side facing the opening 
33. A light beam 43 reflected by said portion of the skin 1 1 is reflected by the mirroring 
surface 41 through an angle of approximately 90° and focused onto an image sensor 47, a 
CCD image sensor which is known per se in the embodiment shown, by means of a lens unit 
5 45. The image sensor 47 is thus capable of detecting an image of said portion of the skin 1 1 
present below the opening 33. The use of the illumination member 35 enables the image 
sensor 47 to detect a clear image of said portion of the skin 1 1 from the light of the 
illumination member 35 reflected by the skin 1 1, so that no reflected light from the laser beam 
7 is necessary for detecting said image. This means that the laser source 3 can be fully 

1 0 switched off between the exposures of two consecutive target positions on the skin 1 1 . In 
addition, the image sensor 47 may be provided with a filter, not shown in Fig. 1, for the 
reflected light of the laser beam 7, so that the image sensor 47 is protected against damage 
which may arise as a result of the reflected light of the laser beam 7 when the laser beam 7 is 
in the target position 9 with a high energy density. 

15 As Fig. 1 shows, the image sensor 47 delivers to the control unit 1 7 an electrical 

signal u s which corresponds to the image of the portion of the skin 1 1 present below the 
opening 33 detected by the image sensor 47, said signal us comprising, for example, a series of 
8-bit grey tone values of the image sensor pixels. The detected image is shown 
diagrammatically in Fig. 3 and indicated with reference numeral 49. As Fig. 4 shows, the 

20 control unit 1 7 comprises a first processor 5 1 ? which scans the detected image 49 in a more or 
less regular manner, said processor 51 generating in succession a number of partial regions 53 
of the image 49 as shown in Fig. 3, in particular a more or less regular sequence of partial 
regions 53 which lie approximately on a number of lines which lie one behind the other as 
seen in the Y-direction and which extend parallel to the X-direction. The first processor 5 1 

25 supplies to a second processor 55 of the control unit 17 an electrical signal usp which 

corresponds in succession to the partial regions 53 of the image 49 successively generated by 
the first processor 51. The second processor 55 determines in each partial region 53 the 
position and the orientation on the skin 1 1 of the hair or hairs 13 present in the relevant partial 
region 53, and supplies an electrical signal upo to a third processor 57 of the control unit 17 

30 which corresponds in succession to the positions and orientations of the hairs 13 in the 

consecutive partial regions 53 of the image 49 as determined by the second processor 55. The 
third processor 57 determines in each partial region 53 one or several target positions for the 
laser beam 7 as a function of said position and orientation of the hair or hairs 13 in the relevant 
partial region 53 in a manner to be described in more detail below. The partial regions 53 have 
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dimensions which were determined on the basis of a previously determined average distance 
between the hairs 13 present on the skin 1 1 and a previously determined length of the hairs 13. 
In the embodiment shown, the dimensions of the partial regions 53 are such that the partial 
regions 53 comprise on average only a single hair 13 each. This can be achieved in practice if 
5 the user crops the hairs 1 3 by means of a trimmer prior to the treatment with the hair-removing 
device 1 to such a length that said previously determined length of the hairs 13 is smaller than 
said average distance between the hairs 13. Good results are achieved, for example, when the 
hairs 13 are cropped to a length of between 1 mm and 2 mm for an average distance between 
the hairs 13 of between 3 mm and 5 mm. It is noted that the first processor 5 1 generates the 

10 consecutive partial regions 53 of the image 49 preferably such that the hair 13 present in a 

partial region 53 lies approximately in a center of the relevant partial region 53. The sequence 
of consecutive partial regions 53 then obviously will not have the regularity shown in Fig. 3, 
but it is more or less regular, with the possibility, for example, of an interspacing being present 
between consecutive partial regions 53, or with consecutive partial regions 53 lying, for 

1 5 example, not exactly in one line. Since the partial regions 53 on average contain only a single 
hair 13 each, the position and the orientation of a hair 13 in a partial region 53 and the target 
positions of the laser beam 7 can be determined within a very short period of time by the 
second processor 55 of the control unit 17 and by the third processor 57 of the control unit 17, 
respectively, and a required calculation capacity of the second processor 55 and the third 

20 processor 57 can be strongly reduced. Preferably, the hair-removing device 1 further 

comprises an adjustment member, not shown in the Figures, by means of which the user of the 
hair-removing device 1 can set the dimensions of the partial regions 53. Said adjustment 
member for this purpose supplies to the first processor 5 1 an electrical signal u A which 
corresponds to the dimensions set by the user. The user can thus adapt the dimensions of the 

25 partial regions 53 to the properties of the skin to be treated, in particular to the average 

distance between the hairs on the skin and the average length of the cropped hairs, so that the 
treatment result and the treatment time can be optimized by the individual user. 

As Fig. 4 further shows, the third processor 57 supplies an electrical signal u T p 
to a fourth processor 59 of the control unit 17, which signal corresponds consecutively to the 

30 target positions of the laser beam 7 determined by the third processor 57 in the consecutive 
partial regions 53. The fourth processor 59 determines a first output signal umi and a second 
output signal um2 of the control unit 17, by means of which the control unit 17 controls the 
first tilting mirror 19 and the second tilting mirror 21 of the laser beam manipulator 5, 
respectively, as a function of the signal ujp. The output signals umi and um2 are determined by 
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the fourth processor 59 such that the tilting mirrors 19 and 21 are adjusted into positions which 
correspond to the target position of the laser beam 7 in the relevant partial region 53 which 
corresponds to the signal ujp each time. The fourth processor 59 also supplies a third output 
signal ul of the control unit 17 by means of which the control unit 17 controls the laser source 
5 3. The fourth processor 59 delivers the output signal ul at a predetermined moment after 
delivering the output signals umi and umz, said predetermined moment corresponding to a 
predetermined required adjustment time of the tilting mirrors 19 and 21 . The fourth processor 
59 supplies the output signal ul with the predetermined pulse duration, so that the laser beam 7 
is active in the relevant target position for the predetermined pulse duration. 

1 0 The detected image 49 is regularly scanned by the control unit 1 7 in the manner 

described above in accordance with said sequence of consecutive partial regions 53, the laser 
beam manipulator 5 being adjusted by the control unit 1 7 into consecutive positions only 
which correspond to the target positions determined in the consecutive partial regions 53. This 
means that the laser beam manipulator 5 need be adjusted into a limited number of consecutive 

15 positions only, so that a particularly short treatment time is obtained by means of the hair- 
removing device 1. The laser beam manipulator 5, however, is adjusted in a comparatively 
irregular manner during this, so that comparatively high requirements are imposed on the 
adjustment accuracy of the laser beam manipulator 5 and on the adjustment time required for 
achieving a given adjustment accuracy. The fact that the target positions of the laser beam 7 

20 are automatically determined by the control unit 17, and the fact that the laser source 3 is 
automatically activated by the control unit 1 7 after the laser beam manipulator 5 has been 
automatically adjusted into a correct, accurate position corresponding to a given target position 
by the control unit 17. render the hair-removing device 1 according to the invention 
particularly suitable for a safe use by inexperienced persons, so that the hair-removing device 

25 1 is particularly suitable for the consumer market. The determination of the target positions of 
the laser beam 7 yet to be described in more detail below, the automatic adjustment of the 
laser beam manipulator 5, and the automatic activation of the laser source 3 take place in a 
comparatively short period of time, so that comparatively short treatment times are possible 
with the hair-removing device 1 according to the invention. 

30 The target positions of the laser beam 7 are determined within a partial region 

53 of the detected image 49 by the control unit 17 in the following manner. Fig. 5a 
diagrammatically shows a partial region 53 in which a hair 13 to be epilated is present. The 
second processor 55 of the control unit 17 determines from the signal usp a grey tone 
distribution for the relevant partial region 53, from which the position and the orientation of 
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the hair 13 on the skin 11 in the partial region 53 are determined. The second processor 55 also 
draws a distinction between a hair end 63 and a hair exit position 65 where the hair 13 issues 
from the skin 1 1 . Said distinction is made by means of predetermined grey tone characteristics 
and shape characteristics of cropped hair ends and hair exit positions which are stored in the 
5 memory of the second processor 55. The third processor 57 of the control unit 17 subsequently 
determines from the position and orientation of the hair 1 3 and the exit position 65 thus 
determined a region 67 on the skin 1 1 below which the root 1 5 of the hair 1 3 will be present 
with a predetermined degree of probability. In the embodiment shown, it is assumed in the 
determination of said region 67 that the root 15 is present at a virtual rectilinear subcutaneous 

1 0 extension distance 69 of the hair 13, i.e. extending from the detected exit position 65, while it 
is further assumed that an angle a shown in Fig. 2 between the hair 13 and the surface of the 
skin 1 1 and a length L, also shown in Fig. 2, of a portion of the hair 1 3 present below the 
surface of the skin 1 1 lie between certain minimum and maximum values which were 
previously statistically determined. The region 67 thus determined is elongate and extends 

1 5 along a straight line segment 71 which lies on a virtual line which coincides substantially with 
a perpendicular projection of the hair 13 on the skin 11. The third processor 57 subsequently 
determines on the line segment 71 thus determined a number, for example three, of fixed 
target positions 9, 9\ and 9" for the laser beam 7, mutually overlapping by a small portion 
each time, and the third processor 57 supplies to the fourth processor 59 a number of 

20 consecutive signals u T p which correspond to said target positions 9, 9\ and 9". As a result of 
this, the fourth processor 59 of the control unit 17 adjusts the laser beam manipulator 5 into a 
number of consecutive fixed positions which correspond to the target positions 9, 9', and 9" of 
the laser beam 7 thus determined, the fourth processor 59 activating the laser source 3 for the 
predetermined pulse duration in each of the consecutive fixed positions of the laser beam 

25 manipulators. 

Fig. 5b shows a partial region 53 of the detected image 49 in an alternative 
embodiment of the hair-removing device 1 according to the invention. In this alternative 
embodiment, the third processor 57 supplies to the fourth processor 59 a signal u T p which 
corresponds to a displacement of the laser beam 7 with a predetermined velocity v over said 
30 straight line segment 71, so that the fourth processor 59 adjusts the laser beam manipulator 5 
into a sequence of consecutive positions which correspond to said displacement of the laser 
beam 7. The fourth processor 59 of the control unit 17 in this alternative embodiment activates 
the laser source 3 at the start of said displacement and the fourth processor 59 switches off the 
laser source 3 at the end of said displacement. To obtain a result in this alternative 
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embodiment comparable to the result achieved by the embodiment shown in Fig. 5 a, said 
predetermined velocity v of the laser beam 7 should be approximately equal to a quotient of 
the spot diameter of the laser beam 7 and the pulse duration used in Fig. 5 a. 

In the embodiment shown in Fig. 4, the control unit 1 7 further comprises a fifth 
5 processor 73 which determines a reflection spectrum of the portion of the skin 1 1 present 
below the opening 33 from the image 49 detected by the image sensor 47, i.e. from the signal 
us, and which compares this reflection spectrum with a predetermined reference spectrum 
which is stored in a memory of the fifth processor 73 and which contains information 
characteristic of at least one frequently occurring skin deviation. Fig. 6 shows an example of 

1 0 such a reflection spectrum, wherein the horizontal axis represent a measured grey tone G and 
the vertical axis a number of image sensor pixels N. The reflection spectrum shown comprises 
a first, comparatively great peak A with grey tones corresponding to a white skin, a second, 
comparatively small peak B with grey tones corresponding to dark hairs, and a third peak C 
with grey tones corresponding to said skin deviation. The fifth processor 73 determines from 

1 5 said comparison the positions on the skin 1 1 where said skin deviation occurs and supplies to a 
sixth processor 75 of the control unit 1 7 an electrical signal ubp which corresponds to the 
positions on the skin 1 1 of said skin deviation thus determined. The sixth processor 75 
compares the signal ujp, which corresponds to a target position of the laser beam 7 determined 
by the third processor 57, with the positions on the skin 1 1 of said skin deviation thus 

20 determined, and supplies a signal ustop to the fourth processor 59 whenever the target position 
of the laser beam 7 coincides with one of the positions of said skin deviation on the skin 1 1 . 
When the fourth processor 59 receives the signal ustop, the laser source 3 is not activated by 
the fourth processor 59. The use of the fifth processor 73 and the sixth processor 75 prevents 
the laser beam 7 from being active in positions on the skin 1 1 where said skin deviation is 

25 present. Examples of this are moles or other pigment spots. Such skin deviations have a 

comparatively high absorption power for the light of the laser beam 7 used, so that injuries 
may arise in the case of contact of these skin deviations with the light of the laser beam 7. The 
use of the fifth processor 73 and the sixth processor 75 provides an automatic protection 
against such injuries. 

30 In the embodiment shown in Fig. 4, the fourth processor 59 determines the 

output signals umi and um2 in accordance with a predetermined mathematical relation between 
the output signals u M i, um2 and the desired target position 9 of the laser beam 7 as determined 
by the third processor 57. Said mathematical relation is, for example, a linear function or a 
function of a higher degree comprising a number of coefficients. As a result of temperature 
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fluctuations or other factors, deviations of the target position 9 resulting from a predetermined 
value of the output signals u M i, um2 may arise. Such deviations can lead to a reduced 
efficiency of the hair-removing device 1 and to skin irritations or damages. To reduce or avoid 
such deviations and provide a very accurate positioning of the laser beam 7 on the skin 1 1 by 
5 the mirrors 19, 21, the control unit 17 further comprises a calibration member 81 for 
calibrating said predetermined mathematical relation on the basis of a measured relation 
between the output signals u M i, um2 and an actual position of the laser beam 7 on the skin 11. 
Said calibration, for example, constitutes a re-calculation of said coefficients of the 
predetermined mathematical relation on the basis of the measured relation between the output 

1 0 signals umi, um2 and the actual position of the laser beam 7 on the skin 1 1 , and is carried out 
by the control unit 1 7, for example, each time the hair-removing device 1 is started or each 
time after a predetermined time interval. To carry out said calibration, the mirrors 19, 21 are 
consecutively positioned in a predetermined number of calibration positions. For this purpose, 
the fourth processor 59 consecutively supplies a predetermined number of output signals u M i, 

1 5 um2 having predetermined values. In each calibration position of the mirrors 1 9, 21 , the actual 
position of the laser beam 7 on the skin 1 1 is determined by means of a seventh processor 83 
of the control unit 17, which determines said actual position from the image detected by the 
image sensor 47. For this purpose, as shown in Fig. 4, the seventh processor 83 recieves the 
signal u s supplied by the image sensor 47, and supplies a signal uap corresponding to the 

20 actual position of the laser beam 7 on the skin 1 1 to the calibration member 81. After the 
determination of the actual position of the laser beam 7 in each calibration position of the 
mirrors 19, 21, the calibration member 81 supplies a signal Ucal corresponding to the re- 
calculated coefficients of the predetermined mathematical relation to the fourth processor 59. 
During said calibration process, the fourth processor 59 activates the laser source 3 at a 

25 comparatively low energy density via a suitable value of the signal u L . Said energy density is 
as low as possible, but such that the spot of the laser beam 7 on the skin 1 1 is still sufficiently 
bright to be detected by the image sensor 47. In this manner, skin irritation or damage are 
prevented during the calibration process, and the energy consumption of the laser source 3 is 
limited. It is noted, that the invention also comprises embodiments, in which the actual 

30 position of the laser beam 7 on the skin 1 1 is determined in a similar manner from the image 
detected by the image sensor 47, but in which the laser beam manipulator 5 is corrected in a 
different manner. The control unit 1 7 may, for example, alternatively be provided with a feed 
back control circuit comprising a comparator, which compares the actual position of the laser 
beam with the desired target position and supplies an error signal, and a PID regulator, which 
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determines the output signals u M i and Um2 on the basis of said error signal in such a manner 
that the measured actual position equals the desired target position. The invention also 
comprises embodiments, in which the actual position of the laser beam on the skin is not 
determined by means of the image sensor, but by means of a separate sensor means such as, 
5 for example, sensors which directly measure the angular positions of the mirrors 19,21. 

As Fig. 1 shows, the hair-removing device 1 according to the invention further 
comprises a handle 8 1 by means of which the user can place the hair-removing device 1 on the 
skin 1 1 to be treated and can displace it over the skin 1 1. As was described above, the. portion 
of the skin 1 1 present below the opening 33 only is treated. After the treatment of said portion 

1 0 of the skin 1 1 , the user should displace the hair-removing device 1 into a next position on the 
skin 1 1 . The hair-removing device 1 may be provided, for example, with an acoustic source 
which is triggered by the control unit 1 7 and which produces an acoustic signal the moment 
the treatment of the portion of the skin 1 1 present below the opening 33 has been completed. 
The hair-removing device 1 may alternatively be provided, for example, with electrical drive 

1 5 means controlled by the control unit 1 7 for the automatic displacement of the hair-removing 
device 1 over the skin 1 1 to be treated, instead of with such an acoustic source. 

Fig. 7 shows a control unit 17' of a further embodiment of a hair-removing 
device V according to the invention. Apart from the control device 17', the hair-removing 
device 1 ' has a composition comparable to that of the hair-removing device 1 according to the 

20 invention shown in Fig. 1. Components of the hair-removing device 1 ' corresponding to 
components of the hair-removing device 1 described above have been given the same 
reference numerals in Fig. 7, and the description below will deal exclusively with the 
differences between the control units 17 and 17' and the resulting differences in operation 
between the hair-removing devices 1 and 1'. 

25 As Fig. 7 shows, the control unit 17' likewise comprises a first processor 5 1 , a 

second processor 55, a third processor 57, a fourth processor 59, a fifth processor 73, and a 
sixth processor 75. The control unit 17' comprises furthermore a seventh processor 77 which 
determines the first output signal umi and the second output signal um2 by means of which the 
control unit 17' controls the first tilting mirror 19 and the second tilting mirror 21 of the laser 

30 beam manipulator 5, respectively. The control unit 17' likewise comprises a calibration 

member 81 and an eighth processor 83, which correspond with the calibration member 81 and 
the seventh processor 83 of the control unit 1 7 and which cooperate with the image sensor 47 
and the seventh processor 77 in a manner similar to the manner in which the calibration 
member 81 and the seventh processor 83 of the control unit 17 correspond with the image 
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sensor 47 and the fourth processor 59. The seventh processor 77 determines the output signals 
Umi and um2 such that the tilting mirrors 19 and 21 are adjustable into a sequence of 
consecutive positions which correspond to a regular sequence of virtual positions of the laser 
beam 7 on the portion of the skin 1 1 below the opening 33, in particular with a displacement 
5 of the virtual position of the laser beam 7 with a predetermined velocity v' in accordance with 
a number of lines extending parallel to the X-direction and following one another as seen in 
the Y-direction. As Fig. 7 shows, the seventh processor 77 here supplies to the first processor 
5 1 an electrical signal uip which corresponds to the instantaneous virtual position IP of the 
laser beam 7. The first processor 51 generates from the signals us and uip a partial region 53' 

1 0 of the image 49 which is diagrammatically shown in Fig. 8 and which has dimensions 

determined by a previously determined average distance between the hairs 13 present on the 
skin 1 1 and a previously determined length of the hairs 13. The dimensions of the partial 
region 53' can be set by the user by means of an adjustment member which is not shown and 
which supplies to the first processor 5 1 an electrical signal u A which corresponds to the 

1 5 dimensions of the partial region 53 ' as set by the user. The first processor 5 1 generates the 
partial region 53' such that a reference position R in the partial region 53' shown in Fig. 8, in 
particular a central position of the partial region 53', corresponds continually to the 
instantaneous virtual position IP of the laser beam 7. The partial region 53' thus follows the 
rectilinear displacement of the instantaneous virtual position IP of the laser beam 7 over the 

20 image 49. Fig. 8 also shows a number of lines 79 along which the instantaneous virtual 

position IP of the laser beam 7 is displaced over the image 49. The first processor 51 supplies 
to the second processor 55 an electrical signal usp which corresponds to the partial region 53', 
and the second processor 55 determines from the signal usp the position and the orientation in 
the partial region 53' of the hair 13 present in the partial region 53'. The second processor 55 

25 supplies to the third processor 57 an electrical signal upo which corresponds to the position 
and the orientation of the hair 1 3 in the partial region 53 5 as determined by the second 
processor 55, and the third processor 57 determines from the signal Upo the target positions 9, 
9\ and 9" of the laser beam 7 in the partial region 53'. The third processor 57 supplies to the 
fourth processor 59 an electrical signal u T p which corresponds to the target positions 9, 9', and 

30 9" of the laser beam 7 as determined by the third processor 57. The fourth processor 59 

compares the instantaneous virtual position IP of the laser beam 7 with the target positions 9, 
9\ and 9" of the laser beam 7 and activates the laser source 3 by means of the output signal u L 
during the previously determined pulse duration whenever the instantaneous virtual position IP 
of the laser beam 7 corresponds to one of the target positions 9, 9', or 9" of the laser beam 7 in 
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the partial region 53'. The fifth processor 73 and the sixth processor 75 in the control unit 17' 
have functions comparable to those of the fifth processor 73 and the sixth processor 75 in the 
control unit 17. 

An advantage of the hair-removing device 1 ' with the control unit 1 7' is that the 
5 laser beam manipulator 5 is continually adjusted by the control unit 17' in a regular manner, so 
that the laser beam manipulator 5 need not have an exceptionally high adjustment accuracy 
and an exceptionally short adjustment time. The portion of the skin 1 1 present below the 
opening 33 is scanned by the laser beam manipulator 5 in a regular manner, and the partial 
region 53' of the image 49 generated by the control unit 17' follows the virtual position IP of 

10 the laser beam 7 on said portion of the skin 11, the target positions 9, 9', and 9" of the laser 
beam 7 changing continually with respect to the reference point R of the partial region 53'. 
Good results are obtained in this further embodiment of the hair-removing device 1 ' when an 
interspacing is present between the consecutive lines 79 in the image 49 which is equal to or is 
preferably smaller than the spot diameter of the laser beam 7. However, scanning of all lines 

1 5 79 present in the image 49 by the laser beam manipulator 5 takes longer than the direct 
displacement of the laser beam manipulator 5 into the consecutive target positions in the 
image 49 as in the hair-removing device 1, so that the hair-removing device 1 ' will have a 
longer treatment time than the hair-removing device 1 in most cases. 

The hair-removing devices 1 and 1 ' described above are epilation devices by 

20 means of which hairs 13 are removed from the skin 11 for a comparatively long period or even 
permanently. A yet further embodiment of a hair-removing device 1" according to the 
invention operates as a shaver. The hair-removing device 1 " has a construction which is 
largely identical to the construction of the hair-removing device 1 shown in Fig. 1. The hair- 
removing device 1 " differs from the hair-removing device 1 in that the hair-removing device 

25 1" determines the target position 9 of the laser beam 7 on the skin 1 1 in a different manner. 
Fig. 9 diagrammatically shows a partial region 53" of the image 49 of the skin 1 1 under 
treatment which is detected by means of the image sensor 47 of the hair-removing device 1". 
The third processor 57 of the control unit 17 of the hair-removing device 1" determines the 
target position 9 of the laser beam 7 such that this target position 9 lies on the hair 13 to be 

30 removed adjacent the exit position 65 of the hair 13 determined by the second processor 55. 

The hair 13 is thus burnt through by the laser beam 7 adjacent the exit position 65. The control 
unit 1 7 of the hair-removing device 1 " can be so programmed that the target position 7 lies 
flush with or even below the surface of the skin 1 L so that a very smooth shaving result is 
achieved with the hair-removing device 1 ", which is maintained for a comparatively long 
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period. The hair-removing device 1" may be further provided with an adjustment member by 
means of which the user can adjust the location of the target position 9 relative to the surface 
of the skin 1 1, thus adjusting a desired smoothness. It was found that the burning-through of 
hairs 1 3 by means of the laser beam 7 is possible at an energy density of the laser beam 7 
5 which is considerably smaller than the energy density necessary for the epilation of the hairs 
13 as described above. The hair-removing device 1" may thus be provided with a 
comparatively small and inexpensive laser diode with a power of, for example, between 1 00 
mW and 500 mW. 

It is noted that the invention also covers a hair-removing device in which the 

1 0 epilation function and the shaving function as described above are combined, in which case 
the user can select the desired mode of operation, for example by means of an adjustment 
member. Preferably, the energy density of the laser source is also controllable by means of the 
control unit of such a hair-removing device, so that the energy density of the laser source can 
be adapted to the desired mode of operation of the hair-removing device. If the hair-removing 

15 device has an epilation function or has been set as an epilation device by the user, the hair- 
removing device may also be provided, for example, with an automatic shaving function. If 
the hair-removing device has exclusively an epilation function, in which case exclusively the 
roots 15 of the hairs 13 are destroyed, the hairs 13 will not disappear from the skin 1 1 until 
after some time, so that the desired result is not achieved immediately. If the epilation function 

20 of the hair-removing device is automatically combined with a shaving function, it is not only 
the roots 15 of the hairs 13 which are destroyed, but the hairs 13 are also burnt through 
adjacent the surface of the skin 1 1, so that the hairs 13 are immediately removed from the skin 
1 1 and the desired result is achieved instantaneously. 

It is further noted that a hair-removing device according to the invention may be 

25 provided with a different type of laser beam manipulator instead of the laser beam manipulator 
5 having the two tilting mirrors 19 and 21 as described above. Thus, for example, the two 
tilting mirrors 1 9 and 21 may be replaced by a single tilting mirror which is tiltable about two 
mutually perpendicular tilting axes. Instead of a laser beam manipulator with one or more than 
one tilting mirror, for example, a laser beam manipulator may alternatively be used which is 

30 provided with an object holder which is displaceable in two mutually perpendicular directions, 
in which case the laser source and the image sensor are fastened to said object holder in fixed 
positions. 

It is further noted that the invention also covers embodiments of the hair- 
removing device in which a type of image sensor is used different from the image sensor 47 
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with CCD as described above. An example of such an image sensor is a CMOS image sensor. 
Such a CMOS image sensor may be provided with a RAM memory, so that part of the control 
unit or even the entire control unit of the hair-removing device can be integrated with the 
CMOS image sensor. The construction and manufacture of the hair-removing device are 
5 considerably simplified in this manner. 

In the embodiments of the hair-removing device according to the invention 
described above, the control unit determines the target position of the laser beam each time in 
a partial region of the image of the skin detected by means of the image sensor. It is noted that 
the invention also relates to embodiments in which the control unit determines the target 

1 0 positions of the laser beam once and for all in the entire image of the skin detected by the 

image sensor. Such embodiments, however, require a control unit with a comparatively great 
calculation capacity and memory capacity. 

It is finally noted that the invention also relates to embodiments of the hair- 
removing device in which the positions of the hairs on the skin under treatment are not 

1 5 detected by means of reflected light of a separate illumination member, such as the 

illumination member 35 described above, but in which the positions of the hairs are detected 
by means of reflected light from the laser beam. The skin to be treated is scanned by means of 
the laser beam in such embodiments, during which the laser beam has a comparatively low 
energy density, which energy density of the laser beam is temporarily raised in the target 

20 position. The reflected light of the laser beam may be detected in such embodiments, for 

example, by means of a simple photodetector which detects only the intensity of the reflected 
light of the laser beam. The expression "image sensor for detecting an image of at least a 
portion of the skin" in the claims therefore also relates to such a comparatively simple 
photodetector. Such a method of detection may be used in a comparatively simple manner in 

25 the hair-removing device 1 ' described with reference to Fig. 7, but it may also be used in, for 
example, a hair-removing device provided with a laser beam manipulator with a displaceable 
object holder as described above. 
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1 • A hair-removing device provided with a laser source, an adjustable laser beam 

manipulator for positioning a laser beam supplied by the laser source during operation in a 
target position on a skin to be treated, and an image sensor for detecting an image of at least a 
portion of the skin, characterized in that the laser source is controllable by means of an 
5 electrical control unit, which control unit during operation determines the target position of the 
laser beam as a function of a position and/or orientation on the skin of a hair to be removed as 
determined from the image by the control unit, and which control unit activates the laser 
source the moment the laser beam manipulator is in a position which corresponds to the target 
position of the laser beam. 

10 

2. A hair-removing device as claimed in claim 1, characterized in that the control 
unit determines the target position of the laser beam in a partial region of the image having 
dimensions which are determined by a previously determined average distance between hairs 
present on the skin and a previously determined length of the hairs. 

15 

3 . A hair-removing device as claimed in claim 2, characterized in that the 
dimensions of the partial region of the image are adjustable. 

4. A hair-removing device as claimed in claim 2, characterized in that the laser 
20 beam manipulator is adjustable by means of the control unit into a sequence of consecutive 

positions which correspond to a regular sequence of virtual positions of the laser beam on said 
portion of the skin, a reference position in the partial region of the image corresponding to the 
instantaneous virtual position of the laser beam, and the control unit activating the laser source 
when the reference position corresponds to the target position of the laser beam. 

25 

5. A hair-removing device as claimed in claim 2, characterized in that the control 
unit determines the target position of the laser beam in a regular sequence of consecutive 
partial regions of the image, the laser beam manipulator being adjustable by means of the 
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control unit in each of said partial regions into a position which corresponds to the target 
position of the laser beam in the relevant partial region. 

6. A hair-removing device as claimed in claim 1, characterized in that the control 

5 unit determines from the position and orientation on the skin of the hair to be removed, as 

determined from the image, a region on the skin below which a root of the hair will be present 
with a predetermined degree of probability, the control unit determining at least one target 
position on the skin in said region. 

10 7. A hair-removing device as claimed in claims 5 and 6, characterized in that the 

laser beam manipulator is adjustable by means of the control unit into a sequence of 
consecutive positions which correspond to a displacement of the laser beam over a rectilinear 

path on the skin with a predetermined velocity, said rectilinear path lying on a virtual straight 

* 

line which coincides substantially with a perpendicular projection of the hair to be removed on 
1 5 the skin, the control unit activating the laser source at the start of said displacement. 

8. A hair-removing device as claimed in claims 5 and 6, characterized in that the 

laser beam manipulator is adjustable by means of the control unit into a number of consecutive 
fixed positions corresponding to a number of fixed target positions of the laser beam on a 
20 rectilinear path on the skin, which rectilinear path lies on a virtual straight line which 

coincides substantially with a perpendicular projection of the hair to be removed on the skin, 
the control unit activating the laser source in each of said fixed positions of the laser beam 
manipulator during a predetermined time. 

25 9. A hair-removing device as claimed in claim 1, characterized in that the control 

unit determines an exit position on the hair, where the hair issues from the skin, from the 
position and orientation on the skin of the hair to be removed as determined from the image, 
the control unit equalizing the target position of the laser beam with a position on the hair 
adjacent said exit position. 

30 

10. A hair-removing device as claimed in claim 1, characterized in that the hair- 

removing device comprises a separate illumination member for illuminating at least the 
portion of the skin which is to be detected by the image sensor. 
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11- A hair-removing device as claimed in claim 1 , characterized in that the control 

unit determines from the image a reflection spectrum of the skin portion detected by the image 
sensor, the control unit comparing the reflection spectrum with a predetermined reference 
spectrum of at least one frequently occurring skin deviation, while the control unit determines 
5 from said comparison positions on the skin in which said skin deviation is present and does 
not activate the laser source in said positions on the skin. 

12. A hair-removing device as claimed in claim 1, characterized in that the control 
unit comprises means for determining an actual position of the laser beam on the skin from the 

1 0 image detected by the image sensor. 

13. A hair-removing device as claimed in claim 12, characterized in that the laser 
beam manipulator is adjustable by means of the control unit via an output signal of the control 
unit in accordance with a predetermined mathematical relation between said output signal and 

1 5 the target position, the control unit comprising a calibration member for calibrating said 

predetermined mathematical relation on the basis of a measured relation between said output 
signal and the actual position of the laser beam on the skin. 

14. A hair-removing device as claimed in claim 12, characterized in that, for 
20 determining the actual position of the laser beam on the skin, the control unit activates the 

laser source at a comparatively low energy density. 
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SELF-REMOVING ENERGY ABSORBING STRUCTURE FOR 

THERMAL TISSUE ABLATION 



CROSS REFERENCE TO RELATED APPLICATION 



5 



This application claims priority to U.S. Provisional Application Serial No. 
60/138,193 filed June 9, 1999 which is incorporated by reference in its entirety. 



This invention relates to the field of tissue ablation for the formation of 
openings in the tissue. In particular, this invention relates to self-removing energy 
absorbing structures for achieving thermal tissue ablation. 



The flux of a drug or analyte across a biological tissue can be increased by 
changing the diffusion coefficient or the gradient for diffusion. Commonly, the 
flux is enhanced by increasing the permeability of the skin, such as by chemical 
20 penetration enhancers, iontophoresis, and poration techniques. 

Thermal tissue ablation for forming openings in tissue is disclosed in 
commonly assigned U.S. Patent No. 5,885,21 1 to Eppstein, et al. There is room 
for improving the thermal tissue ablation process. 



FIELD OF THE INVENTION 



10 



15 



BACKGROUND OF THE INVENTION 



25 



SUMMARY OF THE INVENTION 



The present invention is directed to a device to facilitate ablation of tissue, 
such as for forming one or more openings in the tissue for transdermal monitoring 
and/or delivery applications. The device comprises: (a) a support layer having at 
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least one aperture therein, and (b) at least one energy absorbent film layer disposed 
over at least one aperture in the support layer for making substantial contact with 
tissue through the aperture. The at least one energy absorbent film layer is under a 
tension force over or across the aperture and absorbs energy focused thereon to 

5 thermally ablate the tissue. After ablation, and because it is under tension, the film 
layer breaks apart allowing access to the ablated tissue beneath it. 

The present invention is further directed at a method for forming openings 
in a tissue comprising the steps of: (a) positioning a support layer having an 
aperture therein on a tissue; (b) positioning an energy absorbent film layer over the 

10 aperture to make substantial contact with the tissue through the aperture; and (c) 
focusing energy onto the energy absorbent film layer to conduct heat to the tissue 
thereby ablating the tissue. 

The above and other advantages of the present invention will become more 
readily apparent when reference is made to the following description taken in 

15 conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a perspective view of one embodiment of a portion of the 
20 device of the present invention. 

Figure 2 is cross-sectional view taken through line A-A of Figure 1 and 
illustrating the relationship of the energy absorbent film to the tissue when suction 
is applied to the device. 

Figure 3 is a top view of one embodiment of a portion of the device 
25 showing the energy absorbent film before it has been affected by energy. 

Figure 4 is a top view of one embodiment of a portion of the device 
showing the energy absorbing layer after it has been affected by energy. 
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Figure 5 is a top view of one embodiment of a portion of the device used as 
part of a transdermal delivery system. 

Figure 6 is a top view of one embodiment of a portion of the device used as 
part of a monitoring system. 



DETAILED DESCRIPTION OF THE INVENTION 



The present invention may be understood more readily by reference to the 
following detailed description of various embodiments of the invention and the 
10 Figures. 

Before the present articles and methods are disclosed and described, it is to 
be understood that the terminology used herein is for the purpose of describing 
particular embodiments only and is not intended to be limiting. It must be noted 
that, as used in the specification and the appended claims, the singular forms "a," 
15 "an" and "the" include plural referents unless the context clearly dictates otherwise. 

Ranges may be expressed herein as from "about" or "approximately" one 
particular value and/or to "about" or "approximately" another particular value. 
When such a range is expressed, another embodiment comprises from the one 
particular value and/or to the other particular value. Similarly, when values are 
20 expressed as approximations, by use of the antecedent "about," it will be 
understood that the particular value forms another embodiment. 

As used herein, "opening" means any size hole, aperture or pore of any 
depth, that is capable of substance transport therethrough. Inclusive in this term is 
at least one opening in the tissue sized no larger than about 1000 fim in diameter 
25 called a micropore. 

Throughout this application, where publications are referenced, the 
disclosures of these publications in their entireties are hereby incorporated by 
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reference into this application in order to more fully describe the state of the art to 
which this invention pertains. 

Referring first to Figures 1-3, one embodiment of a portion of the present 
invention 100 is shown. The device 100 includes at least a support layer 7 and an 
5 energy absorbent film layer 25. Depending on the application of the device 100, it 
also includes an optional assay reagent pad 20. The energy absorbent film layer 25 
is stretched or otherwise placed under tension across a hole or aperture 40 in the 
support layer 7. At least one hole or aperture 35 is provided in the assay reagent 
pad 20 above the hole 40 and the energy absorbent film 25. The hole(s) 35 may be 

10 any shape or size to provide a suitable site for tissue ablation. 

In one embodiment of the invention, the energy absorbent film layer 25 of 
Figure 1 is held in place and under tension across the aperture 40 by at least one 
tension member 30. This tension member(s) 30 may be constructed of any suitable 
material in any shape to create a tension force across the film 25. In one form, at 

15 least one tension member 30 is provided at one end of the energy absorbent film 
layer 25 and the other end is fixed to the support layer 7 by other suitable means, 
such as by glue or spot weld attachment. In another form, at least one tension 
member 30 is provided at both ends of the energy absorbent film layer 25 to hold it 
under tension across the aperture 40. Examples of materials suitable for the 

20 tension member(s) 30 include elastic, rubber, metal springs, or plastic springs or 
the like. 

In another embodiment of the invention, tension members 30 are not 
needed and the film 25 is anchored directly to the support layer 7. Such anchoring 
may be performed by any suitable means including adhesive bonding, 
25 electromagnetic bonding, hot plate welding, induction bonding, insert bonding, 
radio-frequency sealing, spot welding, thermostacking, chemical bonding, thermo 
bonding, vibration welding or ultrasonic welding. Examples of film 25 suitable for 
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such use without tension members include pre-stretched mylar, rubber, silicone, 
polycarbonate, polyurethane, polyvinyl chloride, or polypropylene film. 

The support layer 7 serves to support the film 25 across the aperture 40. As 
such, suitable materials for the support layer 7 include polyester, ceramic, 
5 polycarbonate (PC), polyvinylchloride (PVC), and mixtures thereof This support 
layer can be of any suitable thickness to maintain structural support for the film 25. 

The optional assay reagent pad 20 serves to detect the presence of a 
substance in the fluid. For example, the assay reagent pad 20 may be useful in 
detecting the presence of an analyte (such as glucose) in blood or interstitial fluid. 

10 The assay reagent pad 20 may be constructed of any suitable material, with as 

many layers or materials as necessary for detecting the presence of a substance in a 
fluid. Elements of the assay reagent pad include electrodes, one or more enzymes, 
and one or more indicators as is well known in the electrochemical biosensor art. 
The assay reagent pad 20 alternatively may be a type that is optically interrogated 

15 to determine a measurement of an analyte. The assay reagent pad 20 may be 

attached to the film 25 or may be placed proximate to the film 25 such that the pad 
20 is capable of fluid communication with the film 25. 

The energy absorbent film layer 25 includes a layer of material that absorbs 
energy and heats up. As the energy absorbent film layer 25 is heated by a beam or 

20 field 10 of energy, the film 25 transfers heat to the tissue by conduction, thereby 
ablating the tissue. One use of ablating the tissue is to form one or more openings 
in the tissue for transdermal monitoring or delivery applications. Thermal tissue 
ablation for forming openings is described more fully in U.S. Patent No. 5,885,21 1 . 
Any suitable energy may be used for the beam of energy 10 to heat the 

25 energy absorbent film 25. In one embodiment, the beam of energy 10 is a beam of 
optical energy, which may for example be provided by a laser diode. In another 
embodiment, the energy 10 is comprised of electromagnetic energy, laser, gamma 
radiation, and/or beta radiation, etc. 
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The types of energy absorbing substances that are suitable for the film 25 
include those disclosed in commonly assigned U.S. Patent No. 5,885,21 1, and in 
commonly assigned PCT/0599/04929, filed March 5, 1999, both of which are 
incorporated herein by reference in their entireties. Copper pythalocyanine doped 

5 film is an example of a suitable film 25 material. Alternatively, a clear film 25 
with an absorbent adhesive layer can be used whereby the adhesive provides a 
positive attachment to the targeted tissue, and a thermal conduction path to the 
tissue. Once the aperture 40 is formed and the film 25 is retracted from the 
opening, the adhesive also serves to help stretch the aperture 40 and the attached 

10 tissues beneath the surface, increasing the flux rate to facilitate extraction or 
delivery of substances via the aperture 40. 

The operation of the device will now be described with reference to 
Figures 1-4. As shown in Figure 1, a vacuum or suction 15 is applied (by a 
vacuum source not shown) to a region 27 of the device 100 so as to pull the tissue 

15 5 up to contact the film 25 through the aperture 40 of the support layer 7 (Figure 
2). The film 25 flexes to provide good physical contact with the underlying tissue 
5 which is desirable to achieve efficient transfer of heat to the tissue when the 
energy absorbent film layer 25 is heated. 

The beam or field 10 of energy is then directed onto the energy absorbent 

20 film 25. In response, the film 25 heats up and the heat in the film is transferred by 
conduction to the tissue 5, thereby ablating the tissue. As the film 25 absorbs the 
energy and transfers it to the tissue, eventually, because of the tension force, it 
breaks and separates across the aperture 40 as illustrated in Figure 4. The film 25 
burns up as the thermal ablation process occurs and in so doing is weakened to be 

25 overcome by the tension force. This self-removal or self-separating feature of the 
film 25 allows access to the ablated area of the tissue to facilitate fluid 
communication with the opening(s) 45 without any additional steps. 
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Figure 5 depicts the device 100 used in connection with a transdermal 
delivery system wherein at least one drug or agent is delivered to the tissue 5 via 
the opening(s) in the tissue 45. A reservoir 70 containing the at least one drug or 
agent may be in fluid communication with the opening(s) in the tissue 45 via a 
5 conduit 60, such as tubing. Alternatively, the reservoir 70 may be integrally formed 
with the support layer 7 so that the at least one drug or agent can be delivered into 
the tissue 5 in a single step procedure with gravity or pressure forcing the drugs or 
agents into the tissue 5. 

Figure 6 shows the device 100 used in connection with a monitoring 

10 system. The assay reagent pad 20 may be located on the device 100 and connected 
(wired or wirelessly) to a monitoring apparatus 200. Alternatively, the assay 
reagent pad 20 may be located remotely in the monitoring apparatus 200 and 
coupled via fluid conduit 60 that carries the fluid. 

Whether the assay reagent pad 20 is located remote or proximate to the 

15 opening(s) in the tissue 45 depends on the specific application. Both embodiments 
are useful in discrete monitoring applications for analyzing fluid on a single use 
basis, as well as in continuous monitoring applications for continuously extracting 
and analyzing fluid over a longer term basis, such as several hours, days, etc. See, 
for example, International Application No. PCT/US99/16378, filed July 20, 1999, 

20 entitled "System and Method for Continuous Analyte Monitoring". 

It will be apparent to those skilled in the art that various modifications and 
variations can be made in the present invention without departing from the scope or 
spirit of the invention. Other embodiments of the invention will be apparent to 
those skilled in the art from consideration of the specification and practice of the 

25 invention disclosed herein. It is intended that the specification and examples be 
considered as exemplary only, with the true scope and spirit of the invention being 
indicated by the following claims. 
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What is claimed is: 

1. A device to facilitate thermal ablation of tissue, comprising: 

(a) a support layer having at least one aperture therein; and 

(b) at least one energy absorbent film layer disposed over the at least 
one aperture in the support layer for making substantial contact with 
tissue through the aperture, wherein the at least one energy 
absorbent film layer is under a tension force; and absorbs energy 
focused thereon to thermally ablate the tissue. 

2. The device of claim 1, further comprising an assay pad disposed proximate 
the aperture in the support layer. 

3. The device of claim 2, wherein the assay pad has at least one aperture 
aligned with the at least one aperture in the support layer. 

4. The device of claim 1, wherein the energy absorbent film layer heats up by 
absorbing energy focused thereon and conducts heat to the tissue thereby 
ablating the tissue and causing it to break apart over the aperture. 

5. The device of claim 1, and further comprising at least one tension member 
that holds the at least one energy absorbent film layer under tension over 
the aperture. 



6. 



The device of claim 5, wherein the at least one tension member is 
comprised of a member selected from the group consisting of elastic, 
rubber, metal springs, or plastic springs. 
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7. The device of claim 1, further comprising a reservoir containing at least one 
drug or agent for release into the tissue. 

8. The device of claim 1, wherein the support layer is comprised of: polyester, 
ceramic, polycarbonate (PC), polyvinylchloride (PVC), or mixtures thereof. 

9. The device of claim 1, wherein the at least one energy absorbent film layer 
is comprised of copper pythalocyanine. 

10. The device of claim 1, wherein the at least one energy absorbent film layer 
is anchored at ends thereof directly to the support layer. 

1 1 . The device of claim 1 , wherein the at least one energy absorbent film layer 
is flexible so as to make contact with the tissue through the aperture when 
vacuum is applied over the aperture of the support layer. 

12. The device of claim 1, wherein the energy absorbent film layer is 
responsive to energy from the group consisting of; electromagnetic energy, 
optical energy, gamma radiation, and/or beta radiation. 

13. A method for forming openings in a tissue comprising the steps of: 

(a) positioning a support layer having an aperture therein on a tissue; 

(b) positioning an energy absorbent film layer over the aperture to make 
substantial contact with the tissue through the aperture; and 

(c) focusing energy onto the at least one energy absorbent film layer to 
conduct heat to the tissue thereby ablating the tissue. 
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14. The method of claim 13, further comprising the step of applying vacuum 
over the aperture to draw the tissue into substantial physical contact with 
the energy absorbent film layer. 



15. The method of claim 13, wherein the energy absorbent film layer breaks 
apart to provide access to the tissue via the aperture. 



16. A method for analyzing fluid collected from tissue comprising the steps of 
claim 13, further comprising the step positioning an assay pad in fluid 
communication with the tissue via the aperture. 



17. A method for delivery of at least one drug or agent into tissue comprising 
the steps of claim 13, further comprising the step of contacting the tissue 
with at least one drug or agent. 



18. The method of claim 13, wherein the step of focusing energy comprises 
focusing energy selected from the group consisting of electromagnetic 
energy, optical energy, gamma radiation, or beta radiation. 
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FLEXIBLE ILLUMINATORS FOR PHOTOTHERAPY 

Field of the Invention 

The present invention pertains to devices and methods 
of external phototherapy and, in particular, to 
phototherapy devices for use in close proximity or in 
5 contact with the skin of the patient. More specifically, 
the present invention provides a flexible, high-intensity 
flexible phototherapy device that can be safely and 
comfortably worn. 

Background of the Invention 

10 The term "phototherapy" relates to the therapeutic use 

of light, and as used herein, the term "illuminator" refers 
to a device that is intended to be used externally to 
administer light to the skin for therapeutic purposes. 
Some phototherapy devices, in contrast, are provided on 

15 probes and are designed to be used internally. 

External phototherapy has been shown effective in 
treating various medical conditions. For example, studies 
have shown that certain light spectra are effective in 
treating bulimia nervosa, herpes, psoriasis, seasonal 

20 affective disorder, sleep disorders, acne, and other 
conditions. One of the conditions most widely treated with 
phototherapy is hyperbilirubinemia in newborn infants, 
typified by an elevated level of a toxic molecule known as 
bilirubin in the infant's blood. During a natural process 

25 where the body scavenges iron from a substance known as 
"heme, 11 bilirubin is produced. Normally, bilirubin is a 
conjugated within the liver and excreted. A fetus cannot 
conjugate bilirubin, however, so it is cleared via the 
placenta. During the initial neonatal period, the infant's 

30 liver may be too immature to conjugate bilirubin. If the 
condition remains untreated, the serum bilirubin levels may 
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increase to the clinical condition of jaundice, since there 
is no effective excretory pathway. High levels of 
bilirubin in the neonate may cause irreversible brain 
damage and even death. 

About 60 percent of newborns become clinically 
jaundiced at some time during the first week of life. 
Consequently, hyperbilirubinemia is one of leading causes 
of hospital readmissions of newborns. Phototherapy is the 
treatment of choice for neonatal unconjugated 
hyperbilirubinemia, and has been used worldwide for decades 
with no known significant side effects. Phototherapy 
treats hyperbilirubinemia by changing bilirubin from its 
non-water-soluble form to water-soluble byproducts which 
can be bound to albumin, transported to the liver, and 
excreted . 

As a yellowish pigment, bilirubin absorbs visible 
light in the blue, violet, and green spectra, and most 
readily absorbs wavelengths in the range of 400-500 nm, 
with a maximum absorption peak in the 450-460 nm range, 
i.e., blue light. Green light is also effective in 
phototherapy because light of longer wavelengths penetrates 
the skin more deeply. There is a dose-response 

relationship in the efficacy of phototherapy. That is, 
there is an increased response for higher doses of 
therapeutic light, as shown by a decrease in bilirubin 
levels . 

Illuminators for phototherapy which are known in the 
art fall into two general categories: banks of light and 
fiber-optic illuminators. The earliest phototherapy 
illuminators included banks of light placed over an 
incubator, above an open bassinet, under a hood, or under 
a transparent support. Either fluorescent tubes or metal 
halide lamps typically serve as the light sources, although 
arrays of LEDs are also known in the art. These light 
sources are spaced from the infant and illuminate the whole 
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body of the infant. 

Illuminators using banks of light suffer from a number 
of drawbacks. The infant must wear sometimes uncomfortable 
eye protection during this treatment, either by using an 
5 appropriate shield or goggles, or even by taping the eyes 
shut, because the intense light can cause permanent eye 
damage. The relatively large size of the equipment takes 
up valuable free space in a typically cramped neonatal 
hospital ward. The banks of lights generate undesirable 

10 heat, and interfere with personnel attending to the 
patient . The heat generated is of vital concern in infant 
phototherapy. Newborn infants are extremely sensitive to 
heat, and it has been found that the heart rate of preterm 
infants increases significantly when the environmental 

15 temperature is raised as little as five degrees Celsius 
above normothermia . Hyperthermia has been associated with 
heart irregularities, heatstroke, and sudden infant death 
syndrome. Consequently, the infant's temperature must be 
frequently monitored when the infant is under a bank of 

20 phototherapy lights. Moreover, the relatively bulky 
equipment is not well -suited for home use, and thus the 
newborn infant must remain longer in the hospital . 

Primarily in response to the desire of parents to 
bring their newborn infant home sooner, portable fiber- 

25 optic pads or wraps have been developed. These fiber-optic 
illuminators transmit light from a remote source through a 
fiber-optic cable to a flexible pad having a weave of 
optical fibers which can be worn next to the patient's 
skin. Because fiber-optic illuminators are placed around 

30 or under only a portion of the infant, its eyes are not 
exposed to intense light and eye protection is not 
necessary. Because the light source is remote from the 
flexible pad next to the patient, a filter can be used to 
attenuate any appreciable heating. Most importantly, since 

35 infant can be held and attended to while undergoing 
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phototherapy treatment, fiber-optic illuminators promote 
better infant -parent bonding during the first few weeks of 
life. Commercial fiber-optic phototherapy illuminators 
include Ohmeda 1 s BiliBlanket and Respironics' Wallaby II, 
5 which have tungsten halogen lamps and quartz halogen lamps, 
respectively, as their light sources. 

Figure 1 illustrates a fiber-optic pad type of 
illuminator of the prior art. The illuminator includes a 
woven fiber-optic pad 10 connected by a cable 12 to a 

10 housing 14 for a source of light. The connector 16 is 
affixed to an end of the cable 12 and is inserted into the 
housing 14 to receive the light energy. The housing 14 
includes the front face 24 on which may be mounted a power 
switch 20, a control indicator 22, and indicator lights 26 

15 and 28. The pad 10 comprises a plurality of optical fibers 
woven so as to emit light energy from one side of the pad. 

Despite several advantages over radiant -type 
illuminators, fiber-optic illuminators are not ideal for 
several reasons. Significantly, fiber-optic illuminators 

20 typically deliver a lower overall amount of light than 
overhead banks of light, because the light is transmitted 
from a remote source to a relatively small fiber-optic pad. 
Moreover, to deliver even this limited amount of light, 
fiber-optic illuminators require a high-intensity light 

25 source such as halogen lamp, and an expensive optical 
filter to eliminate unwanted heat and ultraviolet light. 
Fiber-optic pads typically rely upon the geometry of the 
various emitting layers of fiber to control the level of 
light emittance. Since the patient is in direct contact 

30 with the fiber-optic pad, there is some pressure applied 
which may change the geometry, and thus change the level of 
light. Finally, the light intensity may be more 

concentrated near the light source than at the other end of 
the pad. 

35 Recently, researchers at Stanford University have 
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studied the efficacy of high- intensity light-emitting 
diodes (LEDs) for phototherapy of hyperbilirubinemic 
neonates. The in vitro photodegradat ion of bilirubin in 
human serum albumin from both LEDs and conventional light 
5 sources was measured, with the conclusion that LEDs are 
more effective. The use of LEDs for use in home 
phototherapy devices was mentioned. However, no specific 
device structure was disclosed, nor was any consideration 
given for the safety and comfort of the patient, for 

10 example newborn infants, undergoing phototherapy.. 

In sum, fiber-optic illuminators are less effective 
than traditional overhead phototherapy illuminators, and 
both have significant disadvantages. In addition, there 
remains a number of hurdles, for example, relating to 

15 patient safety and comfort as well as therapeutic 
effectiveness, to the use of LEDs in home phototherapy 
devices. There thus remains a need for a phototherapy 
illuminator which delivers a higher intensity of 
therapeutic light than current fiber-optic illuminators, 

20 while retaining the advantages of a flexible light-emitting 
pad and being safe and comfortable in use. 

Summary of the Invention 

In accordance with one aspect of the present 
25 invention, an illuminator for delivering light energy to 
the skin for phototherapy is disclosed. The illuminator 
comprises a thin, lightweight flexible substrate having a 
plurality of conductive traces affixed thereto adapted to 
connect to electrical power source. At least one discrete 
30 light generating source, preferably at least two discrete 
light -generating sources, are disposed on the substrate and 
are coupled to the conductive traces. Finally, a covering 
at least partly surrounds the substrate and has an exterior 
surface that is spaced apart from the light -generating 
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sources, the exterior surface being adapted to contact the 
skin of patient. Desirably, the illuminator is 

sufficiently lightweight and flexible to be worn against 
the skin of a newborn infant without injury. The 
5 illuminator preferably includes a light dif fuser to render 
the light energy from the discrete light-generating sources 
more uniform. Additionally, the cooling means is desirably 
provided to maintain the exterior surface below a 
predetermined temperature . 

10 In another embodiment, the present invention provides 

an illuminator for delivering light energy to the skin for 
phototherapy, comprising a thin, lightweight substrate, a 
plurality of conductive traces affixed to the substrate and 
adapted to connect to an electrical power source, at least 

15 one light -generating source disposed on the substrate and 
coupled to the conductive traces, and an interface at least 
partly covering or adjacent the light -generating source on 
the substrate. 

As used herein, the term "interface" refers to a 

20 region of the present illuminator located at least 
partially around and/or at least partially adjacent the 
light generating source or sources of the illuminator. The 
interface can include a hollow or open space or passage. 

The interface advantageously provides or is adapted to 

25 carry an effective heat transfer means or medium to 
dissipate heat generated by the light -generating source or 
sources so that the illuminator can safely contact the skin 
of the patient, for example, a neonate. In one useful 
embodiment, the illuminator includes a covering and the 

30 interface provides or is adapted to carry a cooling means 
or medium between the covering and the substrate. For 
example, the interface may define spaces between the 
covering and a substrate for passive or active heat 
transfer. The illuminator may be provided in a flexible 

35 mat connected to one or more conduits carrying electrical 
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wires and the cooling fluid medium. 

In a still further embodiment, an illuminator of the 
present invention for delivering light energy to the skin 
for phototherapy comprises a thin, lightweight substrate 
5 and a plurality of conductive traces affixed to the 
substrate adapted to connect to electrical power source. 
At least one discrete light source, preferably at least two 
discrete light sources, disposed on the substrate are 
coupled to the conductive traces. An interface at least 

10 partly covers the light-generating sources on the 
substrate, and is effective to diffuse the light emitted 
from the discrete light source or sources. The illuminator 
is adapted to contact the skin of the patient. The 
interface may include any suitable light diffuser or 

15 diff users. For example, light scattering elements, such as 
glass bubbles or hollow glass beads, and the like may be 
employed. Other light scattering elements include, but are 
not limited to, grains or particles of titanium oxide, 
titanium dioxide, zirconium oxide, zinc oxide, quartz, 

20 aluminum oxide, diamond dust, calcium carbonate, calcium 
fluoride, flint glass, barium fluoride, other glasses, 
material which has a refractive index different, e.g., by 
at least about 5%, from the refractive index of the matrix 
in which the light scattering elements are placed, and the 

25 like and mixtures thereof. The interface may include 
indentations, texturing and the like surface features to 
diffuse the light. A reflector or reflectors may be 
employed to diffuse light. Also, a lambertian (random) 
reflecting surface or surfaces, for example, a white 

30 surface or surfaces, may be employed to diffuse light. Of 
course, combinations of two or more light diff users can be 
employed . 

The interface may comprise a silicone matrix with 
glass beads or bubbles, for example, hollow glass beads, 
35 dispersed therethrough, or a blend, mixture or combination 



WO 01/14012 



PCT7US00/22720 



of materials having different refractive indexes. 
Alternately, or in addition, the interface may have an 
exterior surface adapted to contact the skin of a patient, 
which surface is irregular, for example, having a matte 
5 finish, to defuse the light emitted from the discrete light 
source or sources. 

In one preferred embodiment of the invention, light 
scattering elements, such as glass bubbles and the like, 
are positioned in proximity to the surface of the 

10 illuminator to be in contact with the patient, that is the 

contact surface. The light sources or sources are located 
further back or away from the contact surface and a 
flexible lambertian reflecting surface is located still 
further away from the contact surface. This arrangement 

15 reduces the loss of light and enhances light diffusion and 
utilization. The illuminator is placed against the skin of 
the patient, leaving substantially no room for the light to 
escape. The reflecting surface is effective to return 
light scattered by the patient's tissue and/or the 

20 diffusing elements back to the patient until it is 
absorbed, and does so at a close distance, maintaining 
light intensity. Concentrated light from the light source 
is spread over the surface of the reflector, further 
enhancing diffusion. This arrangement also allows the use 

25 of additional diffusing material while maintaining a 
substantially constant level of light output. 

Preferably, the average irradiance at the light 
emitting or contact surface of the present illuminators is 
more than about 50 micro watts per square centimeter. 

30 In a further aspect of present invention, a wearable 

phototherapeutic illuminator for delivering light energy to 
the skin comprises a flexible substrate and a least one 
light -generating source disposed on the substrate. A 
flexible, polymer layer covers the light -generating source, 

35 the layer permitting light energy to penetrate therethrough 



WO 01/14012 



PCT/US00/22720 



9 

and being adapted to substantially conform, or structured 
to be capable of substantially conforming, to a portion of 
the skin of the patient. The layer is desirably a material 
chosen from the group consisting of silicone, urethane, and 
5 polyurethane . There may be a plurality of the light- 
generating sources, and a plurality of glass bubbles, or a 
blend of materials having different refractive indexes, may 
be dispersed throughout the layer to defuse the light 
emitted from the light-generating sources. 

10 Each of the features disclosed herein is included 

within the scope of the present invention. In addition, 
all combinations of two or more of the presently disclosed 
features which are not mutually inconsistent or 
incompatible are also included within the scope of the 

15 present invention. 

These and other aspects and advantages of the present 
invention are apparent in the following detailed 
description and claims, particularly when considered in 
conjunction with the accompanying drawings in which like 

20 parts bear like reference numerals. 

Brief Description of the Drawings 

Figure 1 is a perspective view of a prior art fiber- 
optic illuminator ; 

Figure 2 is a perspective view of a flexible pad-type 
25 illuminator of the present invention; 

Figure 3 is a schematic view of a phototherapy system 
utilizing a flexible pad-type illuminator of the present 
invention; 

Figure 3A is a schematic illustration of the control 
30 housing of the phototherapy system shown in Figure 3; 

Figure 4 is a perspective view of alternative mat-type 
illuminator of the present invention; 

Figure 5 is a perspective view of a flexible pad-type 
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illuminator of the present invention wrapped around an 
adult limb; 

Figure 5A is an illustration of an illuminator of the 
present invention in the form of a mask to be worn on the 
5 face of an adult or adolescent human. 

Figure 6 is a plan view of a pad-type illuminator of 
the present invention showing sequential layers cutaway; 

Figure 7 is a sectional view through a portion of the 
illuminator of Figure 6; 
10 Figure 8 is a sectional view through a portion of an 

alternative illuminator similar to that shown in Figure 6; 

Figure 9 is a plan view of a substrate and electronic 
connections for a plurality of light -generating sources 
used in an exemplary illuminator of the present invention; 
is Figure 10 is a partial cutaway view of internal 

cooling channels formed in an exemplary illuminator of the 
present invention ; 

Figures 11A-11D are cross-sectional views showing 
various constructions of the illuminator of the present 
20 invention; 

Figures 12A-12F are cross- sect ional views showing 
further constructions of the illuminator of the present 
invention; 

Figures 13A-13D are cross-sectional views showing 
25 still further constructions of the illuminator of the 
present invention ; 

Figures 14A-14C are plan views of illuminators of the 
present invention having passive cooling channels therein; 
Figures 15A-15C are perspective views of illuminators 
30 of the present invention having external cooling fins 
formed thereon; and 

Figure 16 is a perspective view of an alternative 
illuminator having internal spacer pins. 

Figure 17 is a perspective illustration showing a 
35 still further construction of an illuminator in accordance 
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with the present invention. 

Figures 17A-D are schematic illustrations of various 
patterns useful in the construction illustrated in Figure 
17. 

5 Description of the Preferred Embodiments 

The present invention provides a flexible illuminator 
having a variety of applications, such as for the treatment 
of hyperbilirubinemia in neonates, and psoriasis, seasonal 
affective disorder, sleep disorders, herpes, acne, and 

10 other medical conditions. The invention is an advance over 
current fiber-optic type illuminators because of the 
increased intensity of the light sources. Various 
configurations are described herein, none of which should 
be construed as particularly preferred in general. 

15 Instead, each configuration may be preferred in certain 
applications over others. 

Illuminator System 

Figure 2 illustrates an illuminator 3 0 of the present 
invention comprising an elongate flexible body 3 2 having a 

20 front or contact surface 34 and a back surface facing the 
opposite direction and not seen in Figure 2 . In the 
embodiment illustrated, the illuminator 3 0 has a rounded 
rectangular configuration with a length L, a width W, and 
a thickness t, with the length L being substantially 

25 greater than the width W, both of which are substantially 
greater than the thickness t. The proportion of these 
dimensions is preferred to enable the illuminator 3 0 to be 
wrapped around a small infant, or around the limb of an 
adult, as seen in Figures 3 and 5, although those of skill 

30 in the art will understand that other configurations are 
possible . 

As will be described in more detail below, the 
illuminator 30 contains a plurality of electric light- 
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generating sources, and thus a power cable 36 attaches to 
a first narrow end 38 of the body 32. The body 32 is 
thicker in a region 40 adjacent the first end 38 to provide 
strain relief at the interface between the body and cable 
5 36. In one particular preferred embodiment, the body 32 is 
molded around the light -generating sources and power cable 
36, with the thickened region 4 0 being formed accordingly. 
As will also be described below, the illuminator 30 may 
include means for transferring heat away from the front 
10 surface 34, which may involve flow of a cooling medium to 
interior channels formed in the body 32. In that case, the 
jacket around the power cable 3 6 may also provide a conduit 
for delivery of the cooling medium to and from the 
illuminator 30. 



15 Illuminator Configurations 

Figures 3, 3A, 4, 5 and 5A illustrate several 
potential configurations of the illuminator of the present 
invention. In Figure 3, an illuminator 44 similar to that 
shown in Figure 2 is wrapped completely around the abdomen 

20 of an infant patient. The illuminator 44 may be secured in 
this position using straps, Velcro, adhesive tape adhered 
to a disposable cover, or other such attachment means. A 
cable 4 6 supplies electricity and cooling medium from a 
control housing 48 to the illuminator 44, as mentioned 

25 above. Figure 3 schematically illustrates a control 
assembly 49 (of conventional design) providing electricity 
to illuminator 44 through power conduit 51. Control 
assembly 49 also controls the operation of an active 
cooling system 50 including a source of cooling medium 52 

30 and a pump 54. Source 52 may include cooling coils or 
other suitable assembly for maintaining the temperature of 
the cooling medium or coolant at a desired level . A pair 
of conduits 56 and 57 deliver the cooling medium to the 
illuminator 44 and return medium to be cooled to the system 
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50 . 

Figure 4 illustrates a larger, mat-type illuminator 60 
upon which an infant may be placed. A single cable 62 
supplies power (and possibly cooling medium) to the 
5 illuminator 60. 

Figure 5 illustrates a pad-type illuminator 64, much 
like the illuminator 30 illustrated in Figure 2, that is 
wrapped around the patient's limb and fastened with Velcro 
hook/loop fastener patches 66. Again, a single conduit 68 

10 delivers power and potentially cooling medium to the 
illuminator 64. 

Figure 5A illustrates a further specialized form of an 
illuminator in accordance with the present invention. This 
illuminator 61 is in the form of a mask to be placed on the 

15 face of an adult or adolescent human. An elastic band 63 
is attached to mask 61 and is placed around the patient 1 s 
head to secure the mask in a desired position on the face. 
Eye holes 65, nose hole 67 and mouth hole 69 are provided 
so that the eyes can be protected from the light and normal 

20 breathing/talking can occur while the patient is being 
treated, for example, for acne. A single conduit 59 
delivers electrical power and possibly cooling medium to 
the mask 61. 

Illuminators in accordance with the present invention 
25 can be formed into any suitable configuration to treat 
various medical conditions, as described herein, while also 
protecting the patient from unwanted, and possibly harmful 
exposure to light and/or heat. For example, the present 
illuminators can be configured to be placed on the face, 
30 like a wash cloth, for the treatment of seasonal affective 
disorder, as well as acne and other skin conditions; or can 
be configured similarly to a sanitary napkin, tampon or 
condom for the treatment of herpes. 

In short, the forms of the present illuminators 
35 illustrated are not intended, and should not be taken, to 
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be limiting. 

Exemplary Illuminator Construction 

Figures 6-7 illustrate the internal construction of an 
illuminator similar to that shown in Figure 2 . The plan 
5 view of Figure 6 shows one end of the body 70 of the 
illuminator with sequential layers stripped away from right 
to left. These layers can be seen in cross-section in 
Figure 7. The front or contact surface 71 of the body 70 
faces out of the page in Figure 6. Therefore, a front 

10 covering 72 is seen on the right side of Figure 6, and is 
cut away at line 74 to reveal an array of light -generating 
sources 76. A plurality of glass bubbles 73 (right side of 
Figure 7) are randomly located in front covering 72 to 
scatter or diffuse light, as discussed hereinafter. In 

15 this embodiment, a plurality of transversely extending 
spacers 78 surround the sides of each of the light- 
generating sources 76, and are spaced from one another to 
provide cooling channels 80 therebetween. The spacers 78 
may or may not at least partially encapsulate the sources 

20 76. Such encapsulation is preferred to enhance dissipation 
of heat and light diffusion, and to protect the light 
sources from physical damage and/or detachment. As is 
apparent from Figure 6, the cooling channels 80 extend in 
a serpentine fashion along the length of the body 70. The 

25 layer of spacers 78 is cut away at line 82 in Figure 6 to 
reveal a substrate 84 on which the light-generating sources 
76 are mounted. In addition, an array of conductive traces 
86 is provided on the substrate 84 to power the light - 
generating sources 76. Continuing to the left in Figure 6, 

30 the substrate layer is cut away at line 88 to reveal a 
layer of secondary spacer material 90 within which is 
formed a secondary cooling channel 92. Again, the cooling 
channel 92 extends in a serpentine fashion along the length 
of the body 70 and adjacent the substrate. Finally, the 
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secondary spacer material 90 is cut away at line 94 to 
reveal a back cover 96. 

Alternative Illuminator Construction 

Figure 8 illustrates, in cross-section, an illuminator 
100 having a substrate 102 with a plurality of light- 
generating sources 104 mounted thereon. An array of 
spacers 106 between cooling channels 108, as in Figure 7, 
is provided. In addition, an insulating layer 110 and 
outer covering 112 are included in the combination of 
components making up the interface. Also included are a 
plurality of glass bubbles 111 located in a relatively well 
defined layer in outer covering 112 to scatter or diffuse 
light, as discussed hereinafter. As with Figure 7, the 
backing comprises the secondary spacer 114 and secondary 
cooling channels 116 encompassed by the back cover 118. 
The addition of an insulating layer 110 further helps to 
prevent heat transfer from the light generating sources 104 
to the contact surface of the illuminator. 

Internal Illuminator Systems 

Figure 9 is a cutaway view of one end of an 
illuminator 12 0 of the present invention showing the 
interface between a power cable 122 and an array of 
conductive tracings 124 providing a conductive path to a 
plurality of light-generating sources 126. A wire 128 
electrically connects to a pole 130 that is in electrical 
communication with the negative terminal of each of the 
light-generating sources 126. Likewise, a wire 132 
electrically connects to a pole 134 that is in electrical 
communication with the positive terminal of each of the 
light-generating sources 126. The wires may be 

electrically connected to the tracings by lap soldering to 
the pole or bus bar or through use of DIMM or MOLEX-type 
multiconductor connectors. In this embodiment, the light- 
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generating sources are provided in seventeen rows across 
the width of the illuminator 120, and are staggered from 
column to column. That is, a first column 136 of nine 
light -generating sources is followed by a second column 138 
5 of eight light-generating sources in different rows of 
conductive tracings 124. This pattern repeats itself along 
the length of the illuminator 120. 

Figure 10 illustrates the relative positions of the 
light-generating sources 126, a first cooling channel 140, 

io and secondary cooling channel 142 provided below the 
substrate. Arrow 144 indicates an inflow of cooling medium 
to the first cooling channel 140, which medium flows 
between columns of light-generating sources 126. The 
horizontal cutaway line 146 reveals the secondary cooling 

15 channel 142 below the substrate. Although not shown, the 
first cooling channel 140 is in fluid communication with 
the secondary cooling channel 142 at the opposite end of 
the illuminator. That is, the cooling medium flows along 
the length of the illuminator 120 (from right to left) , and 

20 then passes across the plane of the substrate (i.e., into 
the page) through an opening into the secondary cooling 
channel 142. The cooling medium then flows (from left to 
right) along the length of the secondary cooling channel 
142 until it exits the illuminator, as indicated by arrow 

25 148. 

Figure 10 thus illustrates active cooling of the 
illuminator 120, wherein cooling medium is propelled 
through internal channels. The cooling medium in this 
regard may be in liquid or gaseous form, with air being 
30 preferred to avoid increasing the weight of the illuminator 
120 in use. Of course, other arrangements of cooling means 
are possible, as will be described in more detail below. 

Functional Considerations 

Now with reference more particularly to the cross- 
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section of Figure 7, the illuminator can be viewed more 
generally as including the light-generating sources 76 
mounted on the substrate 84, and an interface provided 
between the substrate 84 and a front or contact surface 98. 
5 In the illustrated embodiment, contact surface 98 comprises 
the outer surface of the covering 72, while the interface 
comprises a combination of the covering, the spacers 78, 
and the cooling channels 80. In addition, the illuminator 
preferably includes a backing, which in this embodiment 
10 comprises the secondary spacers 90, secondary cooling 
channels 92, and back cover 96. The invention may be best 
described in terms of the preferred functional 
characteristics of the interface and the backing, as 
follows . 

15 The interface preferably performs two main functions: 

heat insulation and light diffusion. That is, the separate 
light-generating sources 76 generate some heat in operation 
which must be intercepted and carried away or attenuated 
before it reaches the contact surface 98. Therefore, the 

20 interface preferably provides a thermal barrier to heat 
conduction, and may also include a system of passive or 
active cooling, facilitated by the cooling channels 80. In 
addition, the light -generating sources 76, being discrete 
and spaced apart, create a plurality of points of intense 

25 light, rather than an even distribution. Therefore, the 
interface preferably diffuses the discrete points of light 
to provide a more uniform emittance. In addition, the 
interface performs other functions. For example, the 
interface protects the light sources and circuitry from 

30 damage and/or detachment, reduces or even eliminates the 
risk of exposing the patient to electrical current, and 
provides additional padding to enhance the comfort of the 
patient . 

The backing preferably performs two main functions as 
35 well: heat conduction and light reflection. That is, the 
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backing preferably provides an effective heat sink for the 
heat generated by the light-generating sources 76, which 
works in conjunction with the heat barrier provided by the 
interface to cause heat to travel away from the contact 
surface 98. In this manner, the secondary spacer 90 is 
preferably made out of a highly conductive material that is 
in intimate contact with the backside of the substrate 84. 
The backing also protects the circuitry and light sources, 
protects the patient from electrical current and provides 
added padding to enhance patient comfort. 

As will be apparent from the variations in 
construction that follow, numerous combinations of the 
interface and backing are possible. Because of the 
numerous configurations that the illuminator can take, as 
seen for example in Figures 3-5, there is no single optimum 
construction, but rather the functional characteristics 
described above are desirably provided in the most cost- 
effective manner for the particular application. Thus, for 
example, if the illuminator is to be used as a mat, as seen 
in Figure 4, additional padding between the substrate 84 
and light -generating sources 76 may be required, which will 
increase the thickness of the interface and/or backing. 
Similarly, for an elongated pad-type illuminator, as seen 
in Figures 2-3 and 5, padding is not as important as the 
illuminator being flexible and lightweight. Additionally, 
the contact surface of the illuminator must be relatively 
soft and preferably hypoallergenic if it is to be used for 
treatment of hyperbilirubinemia in neonates. 

The illuminator may be formed into a variety shapes, 
such as a pad or mat shown. Alternatively, the illuminator 
can be formed into a belt, a wrap, a cushion or pillow, a 
collar, a blanket, a strap, a vest, or any other desired 
shape. Advantageously, the particular shape and ultimate 
configuration on the patient does not affect the quality 
and intensity of the light delivered, as with prior fiber 
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optic devices. 

Light Diffusion 

At least a portion of the interface preferably causes 
the light emitted by the plurality of light -generating 
5 sources to be diffused or directed as desired. Such 
diffusion or direction is effective to provide a more 
uniform, constant and intense light pattern on the contact 
surface relative to a similar apparatus including a 
plurality of discrete light emitting sources without light 

10 diffusion. Therefore, the interface may be made of a 
single material or blend of materials having different 
refractive indices, such as silicone and glass bubbles or 
silicone and titania. Thus, in Figure 7, the front cover 
72 comprises a matrix of silicone within which a plurality 

is of glass bubbles is randomly impregnated. Figure 8 
illustrates a cover 112 which comprises a matrix of 
silicone having a plurality of more evenly distributed 
glass bubbles 111. It should be noted that the size of the 
glass bubbles in the figures is exaggerated for 

20 illustration purposes. Alternatively, or in addition, the 
covering 72 or 112, or the insulating layer 110, may be 
provided with deformities or markings formed by mechanical, 
chemical, or other means to cause light emitted by the 
light-generating sources to diffuse. Such deformities or 

25 markings can be formed by molding, cutting, hot stamping, 
etching, painting, machining, coating, forming, milling, or 
printing. The deformities may vary in density, opacity, 
shape, color, index of refraction, size, depth and shade so 
as to produce a desired diffusion or light distribution. 

30 In one embodiment, such surface deformities are created by 
roughening the surface of the cover mold with glass beads 
or sand so as to give the surface a matte finish. The 
interface, such as the covering, may vary in color, index 
of refraction, or shape along the length of the 
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illuminator. A reflector or reflectors may be used to 
diffuse light. Lambertian reflectors also can be used. 
Prismatic films and diffusers, lenticular lenses, coatings, 
and other systems or materials may be used to cause light 
5 to be diffused as desired. Reflective paints or coatings, 
such as coatings of magnesium oxide, aluminum oxide, other 
white powders and the like and mixtures thereof, are useful 
for diffusion. 

Figures 17, 17A, 17B, 17C and 17D illustrate the use 

10 of such paints or coatings. An LED 504 is shown positioned 
relative to a light reflecting surface 506 of illuminator 
510 in accordance with the present invention. Reflecting 
surface 506 can be a metallized surface or a surface with 
a matte finish or the like. Contact surface 512 is part of 

15 the interface of illuminator 510 and is spaced apart from 
LED 504. Arc 514 is a representation of the intense light 
pattern on contact surface 512 generated by LED 504 with no 
light diffusion. The light within arc 514 is very intense 
while the light from LED 514 outside the arc is 

20 substantially less intense and may not be therapeutically 
effective . 

Figure 17A illustrates a pattern of white dots 520 
that can be painted or coated on contact surface 512 within 
the arc 514 to diffuse the intense light. The diameter of 

25 the dots decreases from the center of the pattern 
outwardly. This pattern of dots 520 scatters and/or 
reflects some of the light back to the reflecting surface 
506. The pattern of dots depends, for example, on the 
thickness of the layer on which the contact surface is 

30 located and its distance from LED 504, and the presence of 
any additional light diffusing material or materials in the 
interface. The pattern of dots 520 results in a 

substantially more diffuse, yet therapeutically effective 
light pattern on the contact surface 512. 

35 Figures 17B, 17C and 17D illustrate alternate coating 
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patterns that can be used in place of dots 52 0. Thus, a 
pattern of rectangles 522, a pattern of outwardly radiating 
lines 524 or a series of circles 526 can be used in much 
the same way as dots 52 0 to provide for enhanced light 
5 diffusion. 

The interface may also comprise filters to reflect or 
absorb certain wavelengths of light. In order to control 
the exposure of the patient to ultraviolet radiation, or to 
minimize the deteriorative effect of such radiation on the 

10 illuminator, a layer or coating of or containing an 
ultraviolet absorber may be used. For example, the 
insulating layer 110 shown in Figure 8 may instead 
represent an ultraviolet filter. Examples of ultraviolet 
absorbers include bezophrenones , benzotriazoles , and 

15 salicylates. In addition, the illuminator made further 
comprise additives, including infrared absorbers (e.g., 
metals), antioxidants, coloring agents, plasticisizers , 
stabilizers, and antistatic agents. 

Flexible Substrate 

20 The present invention utilizes any type of flexible 

circuitry substrate known in the arts. Typically, the term 
"flexible substrate" pertains to polymeric sheets which may 
be bent or rolled without breaking. In one embodiment, the 
substrate may be said the flexible if it can be rolled, 

25 without breaking, into a cylindrical tube having a diameter 
less than 30 cm, and more preferably less than 5 cm. 
Examples of such flexible substrates are flexible printed 
circuitry laminates, which are composites of methyl 
conductors and dielectric substrates bonded together by an 

30 adhesive system. Other flexible substrates may not use 
adhesives, such as copper foil which is elect rolytically 
deposited or rolled-annealed. 

The substrates should be flexible and cable of 
withstanding the heat generated during the manufacturing 
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process and by the light-generating sources. Consideration 
should also be given to the dimensional stability, chemical 
resistance, electrical properties, flame retardancy, and 
cost. Substrates can be either thermosetting or 

5 thermoplastic polymers, such as polyester and polyimide 
films . 

If an adhesive is used to secure the conductive 
tracings to the substrate, consideration should be given to 
the thermal properties of the adhesive. Desirably, the 
10 adhesive is highly heat conductive to further facilitate 
conduction of the heat generated by the light -generating 
sources throughout the substrate and to adjacent heat 
sinks . 

The flexible substrate may comprise a reflector on the 
15 side facing the contact surface for directing light from 
the light-generating sources toward the contact surface. 
The reflector may be a thin, flexible sheet adhered to the 
flexible substrate. Alternatively, the reflector may be 
comprised of reflective materials coated directly on the 
20 flexible substrate. The reflector is desirably perforated 
in the locations of the light-generating sources and may be 
coated to reflect an appropriate wavelength or range of 
wavelengths of light. The reflective materials may be 
metals such as aluminum, silver or gold (or alloys 
25 thereof) , or dielectrics coated at thicknesses designed to 
reflect desired wavelengths, or reflective paint. In one 
embodiment, the reflector provides lambertian reflectance, 
for example, reflects light by using a paint or coating 
which is white or matches the color of the LEDs . 

3 0 Conduct i ve Tracings 

The flexible substrate may be coated, cast, deposited, 
or otherwise adhered to the conductive tracings or vice 
versa. In a preferred embodiment, the conductive tracings 
are directly adjacent to and in contact with the flexible 
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substrate. Alternatively, one or more additional layers 
may be present between the conductive traces and flexible 
substrate, such as when adhesives are used. The conductive 
tracings may be a variety of materials, including rolled- 
5 annealed copper, electro-deposited copper, silver, gold, 
aluminum, iron, steel, solder, or any other metal or 
conductor. The conductive coating may be applied as, or 
processed into, tracings using any means for application or 
removal, including chemical, mechanical, and optical means, 

10 as well as the use of lasers. In a preferred embodiment, 
a plurality of pairs of parallel conductive traces are 
etched into the rolled-annealed copper coating of a 
flexible substrate, for example, using conventional photo- 
etching techniques . 

15 Polymer thick films including one or more finely 

divided conductive materials like silver, nickel, or carbon 
in a polymer binder like polyester, epoxy, acrylic, or 
vinyl also may be used. Polymer thick film printed wiring 
is less expensive than copper conductors since it is 

20 generally formed in a single step using screen printing, 
without traditional plating, etching, stripping, and 
cleaning. Examples of polymer thick films which offer an 
alternative to other types of circuitry are available from 
Du Pont as the CB® series polymer thick film pastes. 

25 An insulating film or coating may be applied over the 

conductor surface to protect the circuitry for moisture, 
contamination, and conductor damage, and to reduce stress 
on the conductors during flexing. These protective 
coatings may be overlays comprising an insulating film 

30 coated with an adhesive, a coating comprising liquid 
polymers applied to the circuit, leaving the pad areas 
exposed, and solder masks comprising film laminates into 
which conductor access holes have been formed. Adhesives 
such as epoxies and polyimide resins may be used for 

35 overlays and laminations. 
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Light -generating Sources 

The light -generating sources are preferably a light- 
emitting diode (LED) chip or die of the surface mount 
variety. Alternatively, other types of LEDs , lasers, and 
5 laser diodes also may be suitable. The light -generating 
sources may be multicolored LEDs, or a combination of 
multiple colored LEDs, a combination of different LEDs, or 
arrangement of the same type of LEDs, depending on the 
desired color, distribution or pattern. 

10 For the treatment of neonatal hyperbilirubinemia, the 

preferred color of LEDs is blue, although green LEDs also 
may be effective. The treatment of other conditions may 
require different colored LEDs. For example, herpes may be 
most effectively treated by red LEDs, seasonal affective 

15 disorder may be treated by white or yellow LEDs, and 
psoriasis may be treated by ultraviolet LEDs. 

The illuminator of the present invention may include 
any suitable interconnection technology to provide an 
electrical circuit among the LEDs, the substrate, the power 

20 supply, and any control device. In this regard, flexible 
or traditional wiring, solder attachment, conductive 
pieces, and/or pressure connectors may be used. A 
preferred embodiment utilizes surface mount technology to 
adhere the light -generating sources to the flexible 

25 substrate. Such manufacturing technologies may comprise 
surface mount -on- flex (SMT) , chip-on-flex (COF) , flip chip- 
on-flex (FCOF) , micro-surface mount technology (micro SMT) , 
micro-ball grid array (micro BGA) , controlled collapsed 
chip connection (C4) , or any known method of manufacture or 

30 assembly. 

Illuminator Control 

The illuminator may comprise a controller capable of 
making the light-generating sources separately addressable 
so that they may be selectively illuminated in a particular 
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pattern to achieve a particular therapeutic result. In 
addition, the power level of one or all of the light- 
generating sources may be controlled to optimize the light 
intensity required, to mix colors where different LEDs are 
5 used, or to shut off light -generating sources in the case 
of overheating. In the latter instance, thermocouples may 
be provided in and around the light-generating sources, or 
on the contact surface, to monitor the temperature of the 
illuminator and provide feedback to the controller. 
10 Finally, the illuminator controller may contain a timer to 
assist in metering exposure of the patient according to 
doctor f s instructions . 



Cooling Means 

The interface of the illuminator preferably occupies 

15 the space between the substrate and the external contact 
surface. The interface may contain fins, vanes, ridges, 
grooves, tubes, holes, channels, or other features to 
absorb or diffuse heat, to increase surface area for heat 
exchange, and/or to control or direct a flow of air, water 

20 or other fluids. Alternatively, the interface may be solid 
if heat is not a concern. 

As will be apparent from the structural variations 
shown herein, the illuminator may include holes or spaces 
through the substrate, covering, or between the covering 

25 and substrate in locations which avoid interference with 
the conductive traces, light sources, and cooling fluids. 
The illuminator may utilize air or water, and an associated 
blower or pump to force the cooling fluid through spaces. 
The interface may be made of silicone, urethane, 

30 polyurethane , or any flexible plastic or other translucent 
or transparent material, or colored material, and 
combinations thereof. As mentioned above, silicone with at 
least a portion having glass bubbles and/or titania 
impregnated therein is preferred. 
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Disposable Overwrap 

The illuminator is desirably at least partly 
surrounded with a disposable overwrap as a contamination 
barrier between the illuminator and the skin of the 
5 patient. Such an overwrap may be thin polyethylene or 
cellophane, for example, and is preferably transparent so 
as not to interfere with the transmission of light to the 
patient. The overwrap is preferably loosely fitted over 
the illuminator in any form, and can be easily secured by 
10 tape or other means and removed for sanitary purposes and 
subsequent immediate re-use of the illuminator. 

Alternative Illuminator Constructions 

Figures 11-13 illustrate various cross-sections of 

15 illuminators in accordance with present invention showing 
the basic elements of a substrate, a light-generating 
source (in this case an LED) , an interface between the 
substrate to a contact surface, and a backing. Consistent 
with the discussion above regarding the functional 

20 characteristics, these variations are helpful in 
illustrating the multiple permutations of materials and 
configurations that are possible in constructing an 
illuminator of the present invention. 

Figures 11A-11D illustrates four cross-sections that 

25 all have a substrate 160, an LED 162, and an interface 
comprising a solid layer 164 of light -diffusing and heat- 
insulating material. The layer 164 has an exterior skin 
contact surface 166. One example of material for the layer 
164 is silicone having glass bubbles distributed randomly 

30 throughout. Another example of material for the layer 164 
is silicone having titania distributed throughout. 
Alternatively, or in addition, the layer 164 may be 
silicone having a matte finish on the skin contact surface 
166. The skin contact surface may have a pattern, for 

35 example, a printed pattern, effective to scatter and 
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diffuse light. 

In Figure 11A, the backing comprises a solid layer 168 
of light-reflective, heat-conductive material. Figure 11B 
includes a backing comprising a solid layer 170 of light- 
diffusive, heat-conductive material. In Figure 11C, the 
backing comprises a back cover 172 spaced from a substrate 
160 with a secondary spacer 174. The secondary spacer 174 
includes gaps or channels 176 therein directly across the 
substrate 160 from each of the LEDs 162. In Figure 11D, 
the backing comprises a back cover 178 spaced from the 
substrate 160 with a secondary spacer 180. In this case, 
the secondary spacer 18 0 is provided directly underneath 
each of the LEDs 162, and preferably is made of a highly 
heat conductive material. Heat thus flows from the LED 162 
through the substrate to the secondary spacer 180, which is 
cooled on either side by the gaps 182. 

Figures 12A-12F all include the substrate 160, LED 
162, and a front cover 190 whose exterior surface is 
intended to contact the skin of patient. In addition, each 
of the cross-sections in Figures 12A-12F include one or 
more gaps or channels for cooling. 

In Figure 12A, the cover 190 is spaced from the 
substrate 160 with a spacer 192. The spacer 192 is formed 
directly over the LEDs 162 and defines gaps or channels 
194. The backing comprises a solid layer 196 of light- 
reflective, heat -conductive material. In Figure 12B, the 
interface includes the aforementioned spacer 192 and 
channels 194, as in Figure 12A, but the backing comprises 
a back cover 198 spaced from the substrate 160 with a 
secondary spacer 200. In this embodiment, the secondary 
spacer 200 provides gaps or channels 202 directly 
underneath each of the LEDs 162. 

Figure 12C shows a spacer 204 separating the cover 190 
from the substrate 160, the spacer 204 providing gaps or 
channels 206 directly surrounding each of the LEDs 162. In 
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this embodiment, the interface is formed by the cover 190, 
spacer 204, and channels 206, and the cooling medium can 
flow directly over each of the LEDs 162. Again, the 
backing is provided by a solid light-reflective, heat- 
5 conductive layer 208. Figure 12D also illustrates the 
spacer 204 and channel 206, which together with the cover 
190 comprise the interface, but the backing is provided by 
a spacer 210 and a back cover 212. The spacer 210 is 
directly underneath each of the LEDs 162 and forms gaps or 

io channels 214 therearound. 

Figures 12E and 12F are substantial mirror images of 
one another, each of which having cooling channels above 
and below the substrate 160. In Figure 12E, the interface 
comprises the cover 190, the spacer 220 directly 

15 surrounding each of the LEDs, and gaps or channels 222 
defined by the spacer. The backing comprises a secondary 
spacer 224 directly underneath each of the LEDs 162, a back 
cover 226, and a plurality of gaps or channels 228 adjacent 
the secondary spacer. In Figure 12 F, a spacer 230 

20 separates the cover 190 from the substrate 160 and defines 
cooling gaps or channels 232 directly over each of the LEDs 
162. The backing comprises a secondary spacer 234 
separating a back cover 23 6 from substrate 160 and defining 
a plurality of cooling gaps or channels 238 directly 

25 underneath each of the LEDs 162. 

Figures 13A-13D illustrates several illuminator cross 
sections with maximum spaces defined by vanes or walls 
between two covers. More specifically, each of the cross- 
sections in Figures 13A-13D includes the substrate 160, LED 

30 162, a front cover 250, and a back cover 252. 

Figure 13A includes a plurality of vanes or walls 254 
spacing the front cover 250 from the substrate 160. 
Cooling gaps or channels 256 are defined by the walls 254 
surrounding each of the LEDs 162. The backing comprises 

35 the back cover 252 spaced from the substrate 160 by 
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secondary walls 258. Again, and gaps or channels 260 are 
provided below the substrate for cooling purposes. 

In the embodiment of Figure 13B, walls 2 62 extend 
between the front cover 250 and a coating layer 2 64 
provided on top of the substrate 160. The coating layer 
extends into contact with each of the LEDs 162. As in 
Figure 13A, the walls 262 defined gaps or channels 266 
surrounding each of the LEDs 162 . The backing comprises 
secondary walls 268 extending between the back cover 252 
and a coating 270, and gaps 272 provided directly 
underneath each of the LEDs 162. 

Figure 13C is similar to that shown in Figure 13B and 
includes walls 274 extending between the front cover 250 
and a layer 276 formed on the substrate 160. In this case, 
the layer 276 completely covers each of the LEDs 162. 
Cooling gaps or channels 2 78 are formed over each of the 
LEDs, and the covering protects each of the LEDs from the 
corrosive effect of a fluid cooling medium. Also, as in 
Figure 13B, the backing comprises secondary walls 280 
spacing the back cover 252 from a layer 282 formed on the 
backside of the substrate 160. Again, cooling gaps 284 are 
provided below each of the LEDs. 

Finally, Figure 13D includes a spacer 290 extending 
between the substrate 160 and a front cover 250. The 
spacer 290 covers the substrate 16 0, as at 292, but 
provides gaps or channels 294 for cooling. The backing 
comprises a secondary spacer 296 extending between the 
substrate 160 and the back cover 252, the spacer being 
generally solid but defining gaps or channels 2 98 directly 
below each of the LEDs 162 . 

Passive Cooling 

Up to now, various configurations of illuminators of 
the present invention have been described having internal 
gaps or channels, the understanding being that cooling 
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medium actively flows therethrough. while active cooling 
is certainly one option, a less-expensive variant is 
passive cooling. Figures 14A-14C illustrate three 

embodiments of an illuminator pad having passive cooling 
channels therethrough. 

Figure 14A illustrates an illuminator pad 300 having 
a plurality of columns of apertures 302 extending from the 
front side to the back side. Preferably, the columns of 
apertures 302 are formed in between each column of LEDs 304 
for maximum heat dissipation. Of course, the apertures 
should avoid interference with any copper tracings or light 
sources. Figure 14B illustrates an illuminator 306 having 
a series of channels 308 extending along the width 
dimension. The channels 308 are desirably formed between 
each column 310 of the LEDs. Finally, Figure 14C 
illustrate an illuminator 312 having a series of 
longitudinal channels 314 formed therein. in all of the 
embodiments seen in Figures 14A-14C, the apertures or 
channels are open at both ends and serve to passively 
dissipate heat generated by the LEDs. 

Another configuration facilitating passive cooling is 
the use of external fins, as seen in Figures 15A-15C. In 
particular, Figure ISA illustrates an illuminator 320 
having a plurality of fins 322 extending in the width 
dimension. In Figure 15C, the external fins 324 extend in 
the longitudinal dimension. Finally, in Figure 15C, the 
fins extend both in the width and longitudinal dimensions 
in a waffle pattern. Also, as shown in Figure 15A, the 
fins 322 are located on both the top and bottom surfaces of 
the illuminator. of course, the fins, if present at all, 
can be located on the top and/or bottom surfaces of the 
illuminator. These fins provide passive cooling for the 
illuminators, and may be provided on the front or rear 
surfaces, or both. 

A still further variation of passive cooling is seen 



WO 01/14012 



PCI7US00/22720 



31 

in the illuminator 340 of Figure 16. For illustration 
purposes, the cover 342 of the illuminator 340 is shown in 
phantom to reveal a plurality of pins or spacers 344 
extending between the substrate 346 and cover 342. The 
side edges of the illuminator 340 remain open to permit 
passive cooling of the LEDs 348. Alternatively, the side 
edges may be closed and cooling medium flowed through 
conduit 350. In any event, the spacers 344 maintain a gap 
between the front cover 342 and the substrate 346 along the 
length of the illuminator 340. 

While this invention has been described with respect 
to various specific examples and embodiments, it is to be 
understood that the invention is not limited thereto and 
that it can be variously practiced within the scope of the 
following claims. 
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WHAT IS CLAIMED IS; 

1. An illuminator for delivering light energy to the 
skin of a patient for phototherapy, the illuminator 
comprising : 

a thin, lightweight flexible substrate; 

a plurality of conductive traces affixed to the 
substrate and being adapted to connect to an electrical 
powe r source ; 

at least one discrete light-generating source disposed 
on the substrate and coupled to the conductive traces; and 

a covering at least partly surrounding the substrate 
and having an exterior surface that is spaced apart from 
the light-generating sources, the exterior surface being 
adapted to contact the skin of a patient. 

2. The illuminator of claim 1, wherein the 
illuminator is sufficiently lightweight and flexible to be 
worn against the skin of a newborn infant without injury. 

3. The illuminator of claim 1, which includes a 
plurality of discrete light -generating sources disposed on 
the substrate and coupled to the conductive traces. 

4. The illuminator of claim 1, wherein the covering 
is configured to facilitate the effective dissipation of 
heat produced by the light -generating sources away from the 
skin of the patient. 

5. The illuminator of claim 4, wherein the covering 
includes fins positioned to provide increased dissipation 
of heat produced by the light -generating sources away from 
the skin of the patient relative to a substantially 
identical covering without the fins. 
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6. The illuminator of claim 4, wherein the covering 
is spaced from the substrate and further including cavities 
between the covering and the substrate. 

7. The illuminator of claim 1, wherein the covering 
at least partly defines an internal structure adapted to 
facilitate at least one of a) dissipation of heat produced 
by the light-generating sources away from the skin of the 
patient, and b) diffusion of light generally toward the 
skin of the patient . 

8. The illuminator of claim l, further including a 
reflector for reflecting light from the light -generating 
sources away from the substrate toward the patient. 

9. The illuminator of claim 8, wherein the light - 
generating sources comprise surface mount LEDs , and the 
reflector comprises a thin, flexible sheet perforated with 
holes through which the LEDs project. 

10. The illuminator of claim 1, further including 
cooling means for effectively dissipating heat generated by 
the light -generating sources so that the illuminator can 
safely and comfortably contact the skin of a patient. 

11. The illuminator of claim 1, further including a 
disposable overwrap sized to at least partly surround the 
illuminator and provide a contamination barrier between the 
illuminator and the skin of the patient. 

12. An illuminator for delivering light energy to the 
skin of a patient for phototherapy, the illuminator 
comprising : 

a thin, lightweight substrate; 

a plurality of conductive traces affixed to the 
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substrate and being adapted to connect to an electrical 
power source; 

at least one light -generating source disposed on the 
substrate and coupled to the conductive traces; and 

an interface at least partly covering the light- 
generating source on the substrate, the interface providing 
an effective heat transfer means to dissipate heat 
generated by the light -generating source so that the 
illuminator can safely contact the skin of a patient. 

13. The illuminator of claim 12, wherein the 
illuminator is sufficiently lightweight to be worn against 
the skin of a newborn infant without injury. 

14. The illuminator of claim 12, wherein the 
illuminator is flexible and adapted to conform to the skin 
of the patient. 

15. The illuminator of claim 12, wherein the 
interface defines spaces between the covering and the 
substrate . 

16. The illuminator of claim 15, wherein the spaces 
comprise channels for convective heat transfer. 

17. The illuminator of claim 15, wherein there are a 
plurality of the light -generating sources, and the spaces 
are directly adjacent the light-generating sources. 

18. The illuminator of claim 15, wherein the spaces 
are in communication with apertures provided through the 
substrate . 

19. The illuminator of claim 12, wherein the 
interface comprises a insulating layer. 
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20. The illuminator of claim 12, further including 
means for passively cooling the light-generating source. 

21. The illuminator of claim 12, further including 
means for active cooling of the light-generating source. 

22. The illuminator of claim 12, wherein the 
illuminator defines a skin-contacting surface, the light- 
generating source has an intensity in excess of 50 
microwatts, and the interface limits the maximum 
temperature of the skin-contacting surface to about 110°F. 

23. The illuminator of claim 12, wherein the 
interface comprises a flexible, polymeric layer permitting 
light energy to penetrate therethrough and conforming to 
the skin of a patient. 

24. An illuminator for delivering light energy to the 
skin for phototherapy, the illuminator comprising: 

a thin, lightweight substrate; 

a plurality of conductive traces affixed to the 
substrate and being adapted to connect to an electrical 
power source; 

at least two discrete light sources disposed on the 
substrate and coupled to the conductive traces; and 

an interface at least partly covering the light- 
generating sources on the substrate, the interface 
diffusing the light emitted from the discrete light 
sources, the illuminator being adapted to contact the skin 
of a patient. 

25. The illuminator of claim 24, wherein the 
illuminator is sufficiently lightweight to be worn against 
the skin of a newborn infant without injury. 
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26. The illuminator of claim 24, wherein the 
interface comprises at least one material effective to 
diffuse light energy from the light source. 

27. The illuminator of claim 24, wherein the 
interface comprises a blend of materials having different 
refractive indices . 

28. The illuminator of claim 24, wherein the 
interface has an exterior surface adapted to contact the 
skin of a patient, the exterior surface being irregular to 
diffuse the light emitted from the discrete light sources. 

29. The illuminator of claim 24, wherein the light 
sources are LEDs . 

30. The illuminator of claim 24, further including a 
reflective backing in intimate contact with the substrate 
and comprising a heat conducting material. 

31. The illuminator of claim 24, wherein the 
substrate comprises a print circuit board. 

32. The illuminator of claim 44, further including a 
reflector for reflecting light from the light sources away 
from the substrate. 

33. A wearable phototherapeutic illuminator for 
delivering light energy to the skin of a patient, 
comprising : 

a flexible substrate; 

at least one light -generating source disposed on the 
substrate; and 

a flexible, polymeric layer covering the light- 
generating source, the layer permitting light energy to 
penetrate therethrough and adapted to substantially conform 
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to the skin of a patient. 

34. The illuminator of claim 33, wherein the 
illuminator is sufficiently lightweight to be worn against 
the skin of a newborn infant without injury. 

35. The illuminator of claim 33, wherein there are a 
plurality of the light-generating sources, the layer 
comprising a transparent matrix with glass bubbles 
dispersed therethrough to diffuse the light emitted from 
the light -generating sources. 

36. The illuminator of claim 33, wherein there are a 
plurality of the light-generating sources, the layer 
comprising a blend of materials having different refractive 
indices to diffuse the light emitted from the light- 
generating sources . 

37. The illuminator of claim 33, wherein there are a 
plurality of the light-generating sources, the layer having 
an exterior surface adapted to contact the skin of a 
patient, the exterior surface being irregular to diffuse 
the light emitted from the light -generat ing sources. 
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AMENDED CLAIMS 

[received by the International Bureau on 26 December 2000 (26.12.00); 
original claims 1-37 replaced by amended claims 1 - 36 (6 pages)] 

WHAT IS CLAIMED IS: 

1. An illuminator for delivering light energy to 
the skin of a patient for phototherapy, the illuminator 
comprising : 

5 a thin, lightweight flexible substrate; 

a plurality of conductive traces affixed to 
the substrate and being adapted to connect to an 
electrical power source; 

at least one discrete light-generating source 
10 disposed on the substrate and coupled to the 

conductive traces ; 

a reflector located on the substrate for 
reflecting light from the at least one light- 
generating source toward the patient; and 
15 a covering at least partly surrounding the 

substrate and having an exterior surface that is 
spaced apart from the light-generating source, the 
exterior surface being adapted to contact the skin 
of a patient. 

20 2. The illuminator of claim 1, wherein the 

illuminator is structured to be placed in contact with 
the skin of a newborn infant and used without injury. 

3. The illuminator of claim 1, which includes a 
plurality of discrete light-generating sources disposed 

2 5 on the substrate and coupled to the conductive traces. 

4. The illuminator of claim 1, wherein the 
illuminator is configured to facilitate the transfer of 
heat produced by the at least one light-generating 
source away from the skin of the patient sufficient to 

30 prevent such heat from adversely affecting the patient. 

5. The illuminator of claim 4, wherein the 
illuminator includes at least one fin positioned to 
provide increased transfer of heat produced by the 
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light-generating sources away from the skin of the 
patient relative to a substantially identical 
illuminator without the fin. 

6. The illuminator of claim 4, wherein the 
covering is spaced apart from the substrate and further 
comprising at least one cavity between the covering and 
the substrate. 

7. The illuminator of claim 1, wherein the 
covering at least partly defines an internal structure 
adapted to facilitate at least one of a) dissipation of 
heat produced by the light-generating sources away from 
the skin of the patient, and b) diffusion of light 
generally toward the skin of the patient. 

8. The illuminator of claim 7, wherein the 
internal structure is adapted to both a) dissipate heat 
produced by the light-generating sources away from the 
skin of the patient, and b) diffuse light generally 
toward the skin of the patient. 

9. The illuminator of claim 1, wherein the light- 
generating source comprises an LED , and the reflector 
comprises a thin, flexible sheet perforated with holes 
through which the LED projects. 

10. The illuminator of claim 1, further including 
cooling means for transferring heat generated by the at 
least one light-generating source so that the 
illuminator can safely and comfortably contact the skin 
of a patient. 

11. The illuminator of claim 1, wherein the 
exterior surface is defined by a disposable overwrap 
sized to at least partly cover the illuminator and 
provide a contamination barrier between the illuminator 
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and the skin of the patient. 

12. An illuminator for delivering light energy to 
the skin of a patient for phototherapy, the illuminator 
comprising: 

5 a thin, lightweight substrate; 

a plurality of conductive traces affixed to 
the substrate and being adapted to connect to an 
electrical power source; 

at least one light-generating source disposed 
10 on the substrate and coupled to the conductive 

traces ; and 

an interface at least partly covering the 
light-generating source on the substrate, the 
interface providing heat transfer means for 
15 passively or actively cooling the light-generating 

source and transferring heat generated by the 
light-generating source so that the illuminator can 
safely contact the skin of a patient. 

13. The illuminator of claim 12, wherein the 
2 0 illuminator is flexible and adapted to conform to the 

skin of the patient. 

14. The illuminator of claim 12, wherein the 
interface defines spaces between the covering and the 
substrate. 

25 15. The illuminator of claim 14, wherein the 

spaces comprise channels for convective heat transfer. 

16. The illuminator of claim 15, wherein the heat 
transfer means actively cools the at least one light- 
generating source by convection using the channels. 

30 17. The illuminator of claim 14, wherein there are 

a plurality of the light-generating sources, and the 
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spaces are adjacent to the light-generating sources. 

18. The illuminator of claim 14, wherein the 
spaces are in communication with apertures provided 
through the external surface of the illuminator. 

5 19. The illuminator of claim 12, wherein the 

interface comprises a thermal insulating layer. 

20. The illuminator of claim 12, further including 
diffusing means for diffusing light emitted from the at 
least one light-generating source. 

10 22 . The illuminator of claim 12, wherein the 

interface comprises a flexible, polymeric layer 
permitting light energy to penetrate therethrough and 
conforming to the skin of a patient. 

23. An illuminator for delivering light energy to 
15 the skin for phototherapy, the illuminator comprising: 

a thin, lightweight substrate; 

a plurality of conductive traces affixed to 
the substrate and being adapted to connect to an 
electrical power source; 

20 at least one discrete light-generating source 

disposed on the substrate and coupled to the 
conductive traces; and 

an interface at least partly covering the 
light-generating source on the substrate, the 

25 interface comprises a combination of at least two 

materials having different refractive indices so as 
to diffuse the light emitted from the discrete 
light-generating source, the illuminator being 
adapted to contact the skin of a patient. 



30 



24. The illuminator of claim 23, wherein the 
interface has an exterior surface adapted to contact the 
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skin of a patient, the exterior surface having surface 
deformities to diffuse the light emitted from the at 
least one discrete light-generating source. 

25. The illuminator of claim 23, wherein the 
interface further provides heat transfer means for 
passively or actively cooling the light-generating 
source and transferring heat generated by the light- 
generating source so that the illuminator can safely 
contact the skin of a patient. 

26. The illuminator of claim 23, further including 
a reflector for reflecting light from the at least one 
discrete light-generating source toward the patient. 

27. The illuminator of claim 26, wherein the 
reflector is a diffusive reflector. 

28. The illuminator of claim 27 wherein the 
diffusive reflector has a Lambertian (random) reflecting 
surface. 

29. The illuminator of claim 23, wherein the 
interface has an exterior surface adapted to contact the 
skin of a patient, the exterior surface being irregular 
to diffuse the light emitted from the discrete light 
sources . 

30. The illuminator of claim 23, wherein the at 
least one discrete light-generating source is an LED. 

31. The illuminator of claim 23, further including 
a reflective backing in intimate contact with the 
substrate and comprising a heat conducting material. 

32. The illuminator of claim 23, wherein the 
substrate comprises a print circuit board. 
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33. A wearable phototherapeutic illuminator for 
delivering light energy to the skin of a patient, 
comprising: 

a flexible substrate; 
5 a plurality of light-generating sources 

disposed on the substrate; and 

a flexible, polymeric layer covering the 
light-generating sources, the layer permitting 
light energy to penetrate therethrough and adapted 
10 to substantially conform to the skin of a patient, 

the layer diffusing the light emitted from the 
sources to result in a more uniform overall 
emittance, the illuminator being adapted to contact 
the skin of a patient. 

15 34. The illuminator of claim 33, wherein the layer 

comprises a matrix with glass bubbles dispersed therein 
to diffuse the light emitted from the light-generating 
sources . 

35. The illuminator of claim 33, wherein the layer 
2 0 comprises a matrix with titania dispersed therein to 

diffuse the light emitted from the light-generating 
sources . 

36. The illuminator of claim 33, wherein the layer 
comprises an exterior surface adapted to contact the 

25 skin of the patient, the exterior surface having surface 
deformities to diffuse the light emitted from the light- 
generating sources . 
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(57) Abstract: A therapeutic treatment apparatus (10) for photostimulation of biological tissue (20, 30, 40) that includes at least 
one treatment radiation source source (50) configured to radiate energy at a predetermined wavelength selected from the range ap- 
proximately between 400 and 1,500 nanometers and adapted to illuminate the biological tissue (20, 30, 40). The apparatus further 
incoporates an infrared camera (110) configured to detect infrared radiation and adapted to produce image signals corresponding to 
the detected radiation. A data processing and recording device (1 15) is also included that is capable of receiving and processing the 
image signals and is adapted to generate an electronic signal in the form of a pluraity of frames corresponding to the image signals. 
The data processing and recording device (1 15) is also configured to capture and analyze the frames to quantify the radiation emitted 
by the biological tissue in units of measurement selected from the group including wavelength, radiance, luminosity, area, volume, 
tenperature, change in temperature, rate of change of temperature, relative temperature, energy, change in energy, rate of change of 
energy, and relative energy. The data processing and recording device (110) is also configured to detect, block, and/or subtract the 
energy emitted from the radiation source (50) that is reflected by the target (20, 30, 40) when quantifying the energy emitted by the 
biological tissue (20, 30, 40) sans the reflected energy. A method for using the device (10) is also described. 
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PHOTOSTIMULATION TREATMENT APPARATUS AND METHODS FOR USE 



Technical Field 

This invention relates to an apparatus for treating various biological tissues and bio- 
medical conditions in mammals with a photostimulation device that is precisely controlled 
5 using, in part, a high-precision temperature monitoring device such as a thermographic 
diagnostic device. 

Background of the Invention 

The treatment of various biomedical conditions in mammals have been treated by 
1 0 physicians and therapists using a wide variety of photostimulation devices. Many such devices 
are configured to emit radiation having visible and infrared wavelengths (approximately 
between 400 to 1 1,500 nanometers) as it has been shown that therapeutic benefits may result 
from irradiating biological tissue with certain wavelengths of radiation for various periods of 
time. In various surgical applications, photostimulation devices are configured to emit radiation 
1 5 outside the visible and near-infrared ranges described above to induce photoablation of various 
tissues, which, depending upon the type of resulting effect, is also referred to by those with skill 
in the art as ablation, vaporization, ionization, and destruction. In both surgical and therapeutic 
applications, various attempts have been made to monitor the temperature of the biological 
tissues subject to the incident radiation so that minimum and maximum energy input to the 
20 biological tissues can be induced and/or maintained. 
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In any application of photostimulation techniques to biological tissue, various incident 
radiation parameters are to be selected, adjusted, and monitored including the wave length, 
energy, pulse duration (including a continuous pulse), divergence of the incident radiation beam, 
and luminosity. In the past, a wide variety of focusing and defocusing optics have been used to 
establish a quantified cross-sectional area of the incident radiation beam at the point along a 
beam axis that intersects the upper surface of the biological tissue. By selecting, monitoring, 
and controlling at least these parameters, then the user can control the effects on the target 
biological tissue from the incident radiation, which effects include thermal effects such as 
vaporization, ionization, heating by phonon absorption, and atomic and molecular electronic, 
rotational, and vibrational excitation. 

In therapeutic applications, it is desirable to induce only so much energy of a selected 
wavelength on the biological tissue whereby certain desirable effects can be induced. These 
effects typically do not irradiate the target with enough energy to cause vaporization and/or 
ionization. However, in most therapeutic applications, the biological tissue is irradiated with 
enough energy to induce he desired therapeutic effect, which can include photocoagulation as 
well as less damaging thermal effects such as denaturing of the tissue proteins. Even less 
damaging effects can also be initiated that include photostimulated biochemical changes 
induced by electronic, rotational, and vibrational excitation of the various constituents of the 
target biological tissue. At least one study has attempted to classify the various optical 
properties of human tissue. See, e.g., p. 1386, Parrish, J.A., Deutsch, T. F. ? Laser 
Photomedicine, I.E.E.E. J. of Quantum Electronics, Vol. QE-20, No. 12, 12/1984; Meyer, R. 
A., et al., A Laser Stimulator for the Study of Cutaneous Thermal and Pain Sensation, LE.E.E. 
Transactions on Biomedical Engineering, Vol. BME-23, No. 1, pp. 54-60, 1/1976; A Brief 
Report, and Some Abstracts from the International Discussions of Laser Applications in 
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Medicine, Paris, 7-8 July 1969, Medical and Biological Engineering, Vol. 8, pp. 427-430, 
Pergamon Press, 1970, Great Britain. 

Various photostimulation devices have been taught in the prior art that are configured 
for irradiating and/or ablating target biological tissue. U.S. Pat. No. 5,346,488 to Prince et al. is 
5 limited to ablation of atherosclerotic plaque using short-duration laser pulses. U.S. Pat. Nos. 
5,1 12,328; 5,196,004; 5,520,697; and 5,540,676 are directed to laser-based surgical devices that 
incorporate one or more laser radiation sources emitting electromagnetic radiation having one or 
more wavelengths and which are adapted to be used in various photomedicinal applications. 
U.S. Pat. No. 5,150,704 is directed to a device that incorporates multiple radiation sources for 

10 irradiating selected body parts with a plurality of laser probes. U.S. Pat. Nos. 4,854,320 and 
5,002,051 are both limited to irradiation of laser energy to cause the denaturing of collagenous 
proteins of biological tissue to produce a biological glue to purportedly improves healing of 
wounds. Other examples of laser-based photostimulation devices configured for use in a variety 
of surgical and therapeutic applications include U.S. Pat. Nos. 4,573,465; 4,966,144; 5,161,526; 

15 5,409,482; 5,445,146; 5,527,350; and 5,951,596; French Pat. Nos. 2,458,272; 2,561,515; 

2,577,425; German Pat. Nos, 2,820,908; 3,401,492; andU.S.S.R. Pat Nos. 871,802; 1,242,187; 
1,771,762; and 1,782,617. 

None of these references disclose, teach, suggest, or provide any motivation for 
incorporating energy management devices that can precisely measure the actual amount of 

20 energy absorbed by the target biological tissue. In the applications described in the prior art 

where certain predetermined dosages of energy were to be applied to the target biological tissue, 
the radiation source and the method of its use to irradiate the target biological tissue was 
preconfigured to operate at a preselected wavelength, energy output, pulse rate, frequency, 
and/or exposure time. 
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Various types of temperature measuring devices exist. However, very few of the 
temperature measurement devices available in the prior art are suitable for use for purposes of 
the present invention. The prior art describes various types of temperature measurement 
devices. In most applications, surface contact thermistors and/or thermometers are used to 
5 measure the surface temperature of the target biological tissue. However, these types of devices 
are unsuitable for purposes of the present invention because they cannot be moved in real-time 
in applications where the target biological tissue includes a wide area that is irradiated in 
sections that are changed or rotated over some time interval. Additionally, the presence of a 
contact temperature measurement can interfere with the desired irradiation treatment modality. 

10 U.S. Pat. Nos. 5,115,815; 5,386,117; 5,458,418; 5,467,126; 5,595,444; and 5,637,871 

disclose various non-contact devices that are configured to measure the temperature of a target 
surface using various types of infrared radiation detection devices that operate using well-known 
thennography principles. Despite the capabilities of the various systems disclosed in the prior 
ait, none the references discloses, suggests, or describes any motivation to use the thennography 

15 devices in accordance with the aspects of the present invention. 

What has been needed but unavailable in the prior art is the accurate, real-time 
detection of temperature during treatment of a target biological tissue using surgical and 
therapeutic photostimulation devices, hi particular, what has been needed is a 
photostimulation device and method for use that can impart a precisely controlled amount of 

20 energy to a target biological tissue and that can simultaneously, continuously, and precisely 
monitor the energy imparted to the target tissue. Accordingly, the present invention discloses 
an apparatus and a method for use that incorporates these and other capabilities. 



4 
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SUMMARY OF THE INVENTION 

In general, the present invention relates to an apparatus, and a method for using it, that 
is directed to the photo stimulation of biological tissue such as, for example without 
limitation, cutaneous and subcutaneous biological tissues. Many types of electromagnetic 
5 radiation sources, guides, projectors, detectors, and controllers are available that are suitable 
for purposes of the present invention. The apparatus includes a therapeutic treatment 
apparatus for photo stimulation of biological tissue that includes at least one treatment 
radiation source that is configured to emit radiation at a predetermined wavelength selected 
from the range of approximately between 400 and 11,500 nanometers. 

10 The treatment radiation source may be one of a plurality of sources each configured to 

emit radiation at one or more wavelengths including, for purposes of illustration but not 
limitation, the above described range. In configurations where more than one treatment 
radiation source is used, then the sources are preferably coupled to an optical coupler. The 
coupler is further coupled to a radiation guide such as a fiber optic guide adapted to 

15 communicate the radiation of the treatment source or sources. 

Preferably, the at least one treatment radiation source is selected from the group 
including semiconductor laser diodes, super-luminous diodes, light emitting devices, and 
solid-state laser diodes ("SSD"). More preferably, the at least one treatment radiation source 
is configured to emit radiation having a wavelength of approximately between 800 and 1,100 

20 nanometers. Even more preferably, the at least one treatment radiation source is a 

neodymium-yttrium-aluminum-garnet ("Nd: YAG") laser tuned to emit radiation having a 
wavelength of approximately 1 ,064 nanometers. 

The fiber optic guide may be further connected to a radiation focusing device such as 
a radiation emitting probe or wand that can be manipulated by a user for purposes of 

25 irradiating the target biological tissue. Each of the treatment radiation sources may 
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alternatively be coupled to additional, independent wands or probes via* -additional, separate 
fiber optic cables. 

For configurations of the present that employ treatment radiation that is invisible to 
the unaided human eye, an additional radiation source configured to emit radiation in the 
visible spectrum may be coupled to the previous treatment radiation sources to operate as an 
aiming radiation source. Alternatively, the aiming radiation source may be coupled to each of 
the radiation sources that are independently coupled to separate wands or probes, ha other 
variations, additional aiming radiation sources may be used to emit radiation at various 
visible wavelengths of light so that multiple aiming radiation wavelengths maybe employed 
and coupled to selected treatment radiation sources. For example, visible blue light may 
indicate treatment radiation of a first wavelength, while visible red light maybe used to 
indicate a different treatment radiation wavelength, and other colors may be used to indicate 
other types of treatment radiation. Alternatively, multiple different wavelengths of aiming 
radiation may be used to indicate modes of operation. For example, power settings below a 
certain predetermined threshold may be identified by visible red light, while higher power 
settings may be indicated using visible blue light. 

The present invention also incorporates a video-type camera that is preferably 
configured to detect infrared radiation having a wavelength approximately between 700 and 
20,000 nanometers. The camera is further preferably adapted to produce image signals 
corresponding to the detected radiation. A data processing and recording device is also 
included in the present invention, which is capable of receiving and processing the image 
signals and adapted to generate an electronic signal in the form of a plurality of digitally 
encoded frames corresponding to the image signals. The data processing and recording 
device preferably captures and analyzes the frames. In analyzing the frames, the data 
processing and recording device is configured to quantify the radiation emitted by the 
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biological tissue in units of measurement selected from the group including wavelength, 
radiance, luminosity, temperature, area, volume, change in temperature, rate of change of 
temperature, relative temperature, energy, change in energy, rate of change of energy, and 
relative energy. 

The data processing and recording device may also include a memory or storage 
component capable of temporarily and/or permanently storing the image signals, electronic 
signals, and/or frames to any of a number of such components including, for example but not 
for limitation, random access memory, floppy disks, CD-ROMs, conventional hard disks, 
analog or digital video tape, and any other type of readily available storage media that is 
presently available for such purposes. 

In a variation of the preceding embodiment, the therapeutic treatment apparatus for 
photo stimulation of biological tissue incorporates at least one treatment radiation source 
providing radiation at a predetermined wavelength selected from the range approximately 
between 800 and 1,100 nanometers and adapted to illuminate the biological tissue. In a 
further variation, the data processing and recording device is capable of receiving and 
processing the image signal and adapted to generate an electronic signal in the form of a 
plurality of frames corresponding to the image signal at various time intervals. Preferably, 
the data processing and recording device captures and analyzes the frames to quantify the 
radiation emitted by the biological tissue in units of measurement selected from the group 
described above. More preferably, the data processing and recording device is further 
configured to control the energy output of the at least one treatment radiation source to induce 
and maintain a preselected energy input to and output from the biological tissue. 

The present invention also contemplates a variation wherein the data processing and 
recording device is configured to measure the temperature of the biological tissue and to 
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control the output of the at least one treatment radiation source whereby the biological tissue 
is heated to and maintained at a predetermined temperature for a selected period of time. 

In another variation of the instant invention, the therapeutic treatment apparatus for 
photostimulation of biological tissue is modified wherein the data processing and recording 
5 device is further configured to block the energy emitted by the at least one treatment radiation 
source that is reflected by the biological tissue and subtract the reflected energy from 
quantified unit of measure. 

The present invention is also directed to a variation wherein the data processing and 
recording device is further configured to control the energy output of the at least one 

1 0 treatment radiation source to induce and maintain a preselected energy input to and output 
from the biological tissue sans the reflected energy. 

In yet another variation of the present invention, a therapeutic treatment apparatus for 
photostimulation of biological tissue includes at least one treatment radiation source 
providing radiation at a predetermined wavelength selected from the range approximately 

15 between 400 and 1 1,500 nanometers and adapted to illuminate the biological tissue. Also 
included is an infrared camera configured to detect infrared radiation emitted by the target 
biological tissue and adapted to produce an image signal corresponding to the detected 
radiation and further including a filter component adapted to block radiation having the 
predetermined wavelength, the filter selected from the group including optical and electronic 

20 filters. This variation further incorporates a data processing and recording device that is 
capable of receiving and processing the image signal and adapted to generate an electronic 
signal in the form of a plurality of frames corresponding to the image signal. The data 
processing and recording device is adapted to capture and analyze the frames to quantify the 
radiation emitted by the biological tissue in at least one unit of measurement selected from the 

25 group including wavelength, radiance, luminosity, area, volume, temperature, change in 
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temperature, rate of change of temperature, relative temperature, energy, change in energy, 
rate of change of energy, and relative energy. 

In an alternative configuration, the instant invention contemplates a therapeutic 
treatment apparatus for photo stimulation of biological tissue that incorporates at least one 
5 treatment radiation source providing radiation at a predetermined wavelength selected from 
the range approximately between 400 and 11,500 nanometers and adapted to illuminate the 
biological tissue. This configuration includes an infrared camera configured to detect infrared 
radiation emitted by the target biological tissue and adapted to produce an image signal 
corresponding to the detected radiation at windows corresponding to precise moments in 

10 time. A data processing and recording device is also incorporated that is capable of receiving 
and processing the image signal, and which is adapted to generate an electronic signal in the 
form of a plurality of frames corresponding to the image signal. The data processing and 
recording device in this alternative configuration is adapted to capture and analyze the frames 
to quantify the radiation emitted by the biological tissue in at least one unit of measurement 

15 selected from the group including wavelength, radiance, luminosity, area, volume, 

temperature, change in temperature, rate of change of temperature, relative temperature, 
energy, change in energy, rate of change of energy, and relative energy. This configuration of 
the data processing and recording device is further modified to control the infrared camera 
and the energy output of the at least one treatment radiation source to emit pulses of radiation 

20 to induce and maintain a preselected energy input to and output from the biological tissue 
sans the reflected energy. Lastly, the data processing and recording device is further 
configured to block the detection of treatment radiation reflected by the biological tissue by 
synchronizing the timing the emitted treatment radiation pulses with the infrared camera 
detection windows so that the camera captures an image of the radiation emitted by the target 

25 biological tissue at a moment between radiation pulses. 
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The present invention also contemplates a method for use of a therapeutic treatment 
apparatus for photostimulation of biological tissue that includes the steps of selecting at least 
one treatment radiation source that provides radiation at a predetermined wavelength selected 
from the range approximately between 400 and 1 1,500 nanometers and adapted to illuminate 
5 the biological tissue. Also included is the step of selecting an infrared camera that is 
configured to detect infrared radiation emitted by the target biological tissue, the camera 
being adapted to produce image signals corresponding to the detected radiation. A data 
processing and recording device is selected that is capable of receiving and processing the 
image signals and adapted to generate an electronic signal in the form of a plurality of frames 

10 corresponding to the image signals. The data processing and recording device captures and 
analyzes the frames and also quantifies the radiation emitted by the biological tissue. The 
radiation is quantified in at least one unit of measurement selected from the group including 
wavelength, radiance, luminosity, area, volume, temperature, change in temperature, rate of 
change of temperature, relative temperature, energy, change in energy, rate of change of 

1 5 energy, and relative energy. 

In a variation of the preceding method, the method further includes the steps of 
controlling the energy output of the at least one treatment radiation source to induce and 
maintain a preselected energy input to and output from the biological tissue; blocking the 
energy emitted by the at least one treatment radiation source that is reflected by the biological 

20 tissue and subtracting the reflected energy from quantified unit of measure; and controlling 
the energy output of the at least one treatment radiation source to induce and maintain a 
preselected energy input to and output from the biological tissue sans the reflected energy. 



10 
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Brief Description of the Drawing 

Without limiting the scope of the present invention as claimed below and referring 
now to the drawings, wherein like reference numerals and numerals with primes across the 
several views refer to identical, corresponding, or equivalent features and parts: 

Figure 1 is a schematic representation of the various elements of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The therapeutic treatment apparatus of the present invention is generally configured 
for photo stimulation of biological tissue. The apparatus includes at least one treatment 
radiation source adapted to radiate electromagnetic energy at a predetermined wavelength 
selected from the range approximately between 400 and 1 1,500 nanometers. The apparatus 
farther incorporates an infrared camera configured to precisely and continuously detect 
infrared radiation. The camera is adapted to produce image signals corresponding to the 
detected radiation. A data processing and recording device is also included that is capable of 
receiving and processing the image signals. The data processing and recording device is 
further adapted to generate an electronic signal in the form of a plurality of digital frames that 
correspond to the image signals. The data processing and recording device is also configured 
to capture and analyze the frames and to quantify the radiation emitted by the biological 
tissue. The radiation is quantified in units of measurement selected from the group including 
wavelength, radiance, luminosity, temperature, area, volume, change in temperature, rate of 
change of temperature, relative temperature, energy, change in energy, rate of change of 
energy, and relative energy. The data processing and recording device is also configured to 
detect and/or block the energy emitted from the at least one treatment radiation source that is 
reflected by the target biological tissue. The therapeutic treatment apparatus is also 
configured to quantify the energy emitted by the biological tissue by blocking or subtracting 

11 
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the reflected energy from the quantified result. A method for using the device in its multiple 
configurations, variations, modifications, and alternatives is also disclosed. 

Referring now to FIG. 1, the present invention relates to an apparatus 10, and a 
method for using it, that is directed to the photostimulation of biological tissue 20 such as, for 
example without limitation, cutaneous and subcutaneous biological tissues 30, 40. Many 
types of electromagnetic radiation sources, guides, projectors, detectors, and controllers are 
available that are suitable for purposes of the present invention. Many such devices that 
include such components are disclosed in co-owned U.S. patent application serial no. 

09/281,443, filed on March 29, 1999, now U.S. Pat No. , and in U.S. Pat. 

Nos. 4,573,465; 4,966,144; 5,002,051; 5,049,147; 5,112,328; 5,139,494; 5,150,704; 
5,445,146; 5,527,350; 5,540,676; 5,755,752; and 5,951,596, each of which are hereby 
incorporated by reference in their entirety. 

The apparatus of the instant includes a therapeutic treatment apparatus for 
photostimulation of biological tissue that includes at least one treatment radiation source 50 
that is configured to emit radiation at a predetermined wavelength selected from the range of 
approximately between 400 and 1 1,500 nanometers. 

The treatment radiation source 50 may be one of a plurality of sources 50, 60, 70 each 
configured to emit radiation at one or more wavelengths including, for purposes of illustration 
but not limitation, the above described range. In configurations where more than one 
treatment radiation source is used, then the sources 50, 60, 70 are preferably coupled to an 
optical coupler 80. The coupler 80 is farther coupled to a radiation guide 90 such as a fiber 
optic guide adapted to communicate the radiation of the treatment source or sources. 

Preferably, the at least one treatment radiation source 50 is selected from the group 
including semiconductor laser diodes, super-luminous diodes, light emitting devices, and 
solid-state laser diodes ("SSD"). More preferably, the at least one treatment radiation source 

12 
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50 is configured to emit radiation having a wavelength of approximately between 800 and 
1,100 nanometers. Even more preferably, the at least one treatment radiation source 50 is a 
neodymium-yttrium-aluminum-garnet ("Nd: YAG") laser tuned to emit radiation having a 
wavelength of approximately 1,064 nanometers. 

The fiber optic guide 90 may be further connected to a radiation focusing device such 
as a radiation emitting probe or wand 100 that can be manipulated by a user for purposes of 
irradiating the target biological tissue 20. Each of the treatment radiation sources 50, 60, 70 
may alternatively be coupled to additional, independent wands or probes via additional, 
separate fiber optic cables (not shown). 

For configurations of the present that employ treatment radiation that is invisible to 
the unaided human eye, an additional radiation source configured to emit radiation in the 
visible spectrum, such as for example, source 70, may be coupled to the previous treatment 
radiation sources 50, 60 to operate as an aiming radiation source. Alternatively, the aiming 
radiation source 70 may be coupled to each of the radiation sources 50, 60 that are 
independently coupled to separate wands or probes similar to probe 100. In other variations, 
additional aiming radiation sources (not shown) may be used to emit radiation at various 
visible wavelengths of light so that multiple aiming radiation wavelengths may be employed 
and coupled to selected treatment radiation sources. Alternatively, the radiation emitted by 
aiming source 70 may be split and coupled to various probes. For example, visible blue light 
may indicate treatment radiation of a first wavelength, while visible red light emitted by a 
separate source may be used to indicate a different treatment radiation wavelength, and other 
colors may be used to indicate other types of treatment radiation. Alternatively, multiple 
different wavelengths of aiming radiation may be used to indicate modes of operation. For 
example, power settings below a certain predetermined threshold may be identified by visible 
red light, while higher power settings may be indicated using visible blue light. 

13 
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The present invention also incorporates a video-type infrared camera 110 that is 
preferably configured to detect infrared radiation having a wavelength approximately between 
700 and 20,000 nanometers. The camera 110 is further preferably adapted to produce image 
signals corresponding to the detected radiation. A data processing and recording device 115 
is also included in the present invention, which is coupled by signal line 120 to the camera 
110 and which is capable of receiving and processing the image signals and adapted to 
generate an electronic signal in the form of a plurality of digitally encoded frames 
corresponding to the image signals. The data processing and recording device 115 preferably 
captures and analyzes the frames. In analyzing the frames, the data processing and recording 
device 115 is configured to quantify the radiation emitted by the biological tissue 20 in units 
of measurement selected from the group including wavelength, radiance, luminosity, 
temperature, area, volume, change in temperature, rate of change of temperature, relative 
temperature, energy, change in energy, rate of change of energy, and relative energy. 

The data processing and recording device 115 may also include a memory or storage 
component (not shown but known to those with skill in the art) capable of temporarily and/or 
permanently storing the image signals, electronic signals, and/or frames to any of a number of 
such components including, for example but not for limitation, random access memory, 
floppy disks, CD-ROMs, conventional hard disks, analog or digital video tape, and any other 
type of readily available storage media 130 that is presently available for such purposes. 

In a variation of the preceding embodiment, the therapeutic treatment apparatus 10 for 
photostimulation of biological tissue incorporates at least one treatment radiation source 50 
providing radiation at a predetermined wavelength selected from the range approximately 
between 800 and 1,100 nanometers and adapted to illuminate the biological tissue 20. In a 
further variation, the data processing and recording device 115 is configured for receiving and 
processing the image signal and adapted to generate an electronic signal in the form of a 

14 
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plurality of frames corresponding to the image signal at various time intervals. Preferably, 
the data processing and recording device 115 captures and analyzes the frames to quantify the 
radiation emitted by the biological tissue 20 in units of measurement selected from the group 
described above. More preferably, the data processing and recording device 115 is further 
configured to control the energy output 140 of the at least one treatment radiation source 50 to 
induce and maintain a preselected energy input to and output from the biological tissue 20. 

The present invention also contemplates a variation wherein the data processing and 
recording device 115 is configured to measure the temperature of the biological tissue 20 and 
to control the output of the at least one treatment radiation source 50 whereby the biological 
tissue 20 is heated to and maintained at a predetermined temperature for a selected period of 
time. 

In another variation of the instant invention, the therapeutic treatment apparatus 10 for 
photostimulation of biological tissue 20 is modified wherein the data processing and 
recording device 115 is further configured to block the energy 140 emitted by the at least one 
treatment radiation source 50 that is reflected by the biological tissue 20 and subtract the 
reflected energy 150 from quantified unit of measure. 

The present invention is also directed to a variation wherein the data processing and 
recording device 115 is further configured to control the energy output of the at least one 
treatment radiation source 50 to induce and maintain a preselected energy input to and output 
from the biological tissue 20 sans the reflected energy 150. This is accomplished either by 
configuring the device 115 or by coupling the device 115 with an independent controller 160 
configured to communicate with and control the at least one treatment radiation source 50 as 
well as any additional sources 60, 70. If desired, a visible light video camera 170 may also be 
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incorporated into the apparatus of the present invention for purposes of monitoring and / or 
recording operation of the instant invention. 

In yet another variation of the present invention, a therapeutic treatment apparatus 10 
for photostimulation of biological tissue 20 includes at least one treatment radiation source 50 
providing radiation at a predetermined wavelength selected from the range approximately 
between 400 and 11,500 nanometers and adapted to illuminate the biological tissue 20. Also 
included is an infrared camera 110 configured to detect infrared radiation emitted by the 
target biological tissue 20 and adapted to produce an image signal corresponding to the 
detected radiation and further including a filter component (not shown) adapted to block 
radiation having the predetermined wavelength, the filter selected from the group including 
optical and electronic filters. This variation further incorporates a data processing and 
recording device that is capable of receiving and processing the image signal and adapted to 
generate an electronic signal in the form of a plurality of frames corresponding to the image 
signal. The data processing and recording device 115 is adapted to capture and analyze the 
frames to quantify the radiation emitted by the biological tissue 20 in at least one unit of 
measurement selected from the group including wavelength, radiance, luminosity, area, 
volume, temperature, change in temperature, rate of change of temperature, relative 
temperature, energy, change in energy, rate of change of energy, and relative energy. 

In an alternative configuration, the instant invention contemplates a therapeutic 
treatment apparatus 10 for photostimulation of biological tissue that incorporates at least one 
treatment radiation source 50 providing radiation at a predetermined wavelength selected 
from the range approximately between 400 and 1 1,500 nanometers and adapted to illuminate 
the biological tissue 20. This configuration includes an infrared camera 110 configured to 
detect infrared radiation 150 emitted by the target biological tissue 20 and adapted to produce 
an image signal corresponding to the detected radiation 150 at windows corresponding to 

16 
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precise moments in time. A data processing and recording device 115 is also incorporated 
that is capable of receiving and processing the image signal, and which is adapted to generate 
an electronic signal in the form of a plurality of frames corresponding to the image signal. 
The data processing and recording device 115 in this alternative configuration is adapted to 
5 capture and analyze the frames to quantify the radiation emitted by the biological tissue 20 in 
at least one unit of measurement selected from the group including wavelength, radiance, 
luminosity, area, volume, temperature, change in temperature, rate of change of temperature, 
relative temperature, energy, change in energy, rate of change of energy, and relative energy. 
This configuration of the data processing and recording device 115 is further modified to 

10 control the infrared camera 110 and the energy output of the at least one treatment radiation 
source 50 to emit pulses of radiation 140 to induce and maintain a preselected energy input to 
and output from the biological tissue 20 sans the reflected energy 150. Lastly, the data 
processing and recording device 115 is further configured to block the detection of treatment 
radiation 150 reflected by the biological tissue 20 by synchronizing the timing the emitted 

1 5 treatment radiation pulses with the infrared camera detection windows so that the camera 110 
captures an image of the radiation being emitted by target biological tissue 20 at a moment 
between radiation pulses. 

The present invention also contemplates a method for use of a therapeutic treatment 
apparatus for photo stimulation of biological tissue 20 that includes the steps of selecting at 

20 least one treatment radiation source 50 that provides radiation at a predetermined wavelength 
selected from the range approximately between 400 and 1 1,500 nanometers and adapted to 
illuminate the biological tissue. Also included is the step of selecting an infrared camera 110 
that is configured to detect infrared radiation emitted by the target biological tissue 20, the 
camera 110 being adapted to produce image signals corresponding to the detected radiation. 
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A data processing and recording device 115 is selected that is capable of receiving and 
processing the image signals and adapted to generate an electronic signal in the form of a 
plurality of frames corresponding to the image signals. The data processing and recording 
device 115 captures and analyzes the frames and also quantifies the radiation 150 emitted by 
the biological tissue 20. The radiation is quantified in at least one unit of measurement 
selected from the group including wavelength, radiance, luminosity, area, volume, 
temperature, change in temperature, rate of change of temperature, relative temperature, 
energy, change in energy, rate of change of energy, and relative energy. 

In a variation of the preceding method, the method further includes the steps of 
controlling the energy output of the at least one treatment radiation source 50 to induce and 
maintain a preselected energy input to and output from the biological tissue 20; blocking the 
energy emitted by the at least one treatment radiation source 50 that is reflected by the 
biological tissue 20 and subtracting the reflected energy from quantified unit of measure; and 
controlling the energy output of the at least one treatment radiation source 50 to induce and 
maintain a preselected energy input to and output from the biological tissue 50 sans the 
reflected energy 150. 

The present invention establishes a significant advance over the previously known 
devices and methods and the advance is achieved with improved accuracy, simplicity, and 
without any significant increase complexity of technology. 

Thermography is a preferred technique for detecting soft tissue anomalies occurring in 
various types of biological tissues. Anomalous tissues often experience an altered blood flow 
circulation. One of the most prominent indicators of anomalies such as inflammation and 
other injuries is heat, which is due to increased blood circulation. A medical thermogram is a 
methodology, which allows the detection of such biological soft tissue anomalies by 
measuring the surface temperature of the target biological tissue. 

18 
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Thermography is a noninvasive diagnostic application that uses infrared radiation 
detection technology to quantify the surface temperatures of the target biological tissue and 
subjacent structures. By converting thermal emissions into a multi-colored "map" wherein 
various colors correspond to certain wavelengths of emitted radiation, temperature differences 
as small as approximately between 0.05 and 0.08 degrees Celsius can be detected. In addition 
to detecting increased heat radiation of target biological tissues, the thermographic techniques 
of the present invention also contemplate detection of areas where blood circulation is 
decreased. This can occur where anomalies exist such as nerve damage, a blood clot, and 
development of subjacent scar tissue. In these anomalous biological tissues regions, the 
thermographic image may depict cooler than expected temperatures, such as may be expected 
in tissues that suffer from the initial stages of atrophy or other form of deterioration. It will 
understood by those with skill in the art that pathologies of the cutaneous and subcutaneous 
structures including, for example, tendons, ligaments may be identifiable through 
identification of the "hot spots" and "cool spots" that while invisible to the unaided human 
eye, are prominently revealed by thermography. Such anomalous biological tissues can thus 
be detected as far in advance as two weeks before the onset of clinically detectable signs of 
injury and/or anomaly. 

Various types of thermographic cameras, signal processing, and analysis equipment 
are known in the prior art that includes U.S. Pat. Nos. 5,959,444; 5,467,126; 5,637,871; and 
5,386,1 17. Vendors known to have cameras and related equipment that are suitable for 
purposes of use with the present invention include Sierra Pacific Innovations #2, 
www.x20.org, 1034 Emerald Bay Rd., Dept. 437, South Lake Tahoe, California; Rod Hall 
International, Inc., www.rodhall.com, 1360 Kleppe Lane, Sparks, Nevada; Microlytics, Inc., 
www.endeavorship.com, P.O. Box 2022, Stillwater, Oklahoma; Raytheon Systems Company, 
www.raytheoninfrared.com, 6380 Hollister Avenue, Goleta, California; Infrared Components 

19 



WO 01/78830 PCT/US01/12422 

Corporation, www.infraredcomponents.com, 2306 Bleecker Street, Utica, New York; and 
Indigo Systems Corporation, www.indigosystems.com/ cameras.html, 5385 Hollister Ave 
#103, Santa Barbara, California. 

Numerous modifications and variations of the preferred embodiments disclosed herein 
5 will be apparent to those skilled in the art. For example, although specific embodiments have 
been described in detail, those with skill in the art can understand that the preceding 
embodiments and variations can be modified with various types of treatment radiation 
sources and thermographic camera and data processing devices for desired compatibility with 
the wide variety of modalities presently in use for photostimulation of biological tissues. 
10 Accordingly, even though only few variations of the present invention are described herein, it 
is to be understood that the practice of these additional modifications and variations and the 
equivalents thereof, are within the spirit and scope of the invention as defined in the 
following claims. 
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WE CLAIM: 

1 . A therapeutic treatment apparatus for photo stimulation of biological tissue, 
comprising: 

at least one treatment radiation source emitting a predetermined wavelength selected 
from the range approximately between 400 and 1 1,500 nanometers and adapted to irradiate 
the biological tissue; 

an infrared camera configured to detect infrared radiation emitted by the target 
biological tissue and adapted to produce image signals corresponding to the detected 
radiation; 

a data processing and recording device configured for receiving and processing the 
image signals and adapted to generate an electronic signal in the form of a plurality of frames 
corresponding to the image signals; and 

wherein the data processing and recording device captures and analyzes the frames to 
quantify the radiation emitted by the biological tissue in at least one unit of measurement 
selected from the group including wavelength, radiance, luminosity, temperature, change in 
temperature, rate of change of temperature, relative temperature, energy, change in energy, 
rate of change of energy, and relative energy. 

2. The therapeutic treatment apparatus of Claim 1, wherein the data processing 
and recording device records only temporarily. 

3. The therapeutic treatment apparatus of Claim 1, wherein the data processing 
and recording device is further configured to quantify the radiation emitted by the biological 
tissue in units of measurement selected from the group including area and volume. 
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4. The therapeutic treatment apparatus of Claim 1 , wherein the at least one 
treatment radiation source is selected from the group including semiconductor laser diodes, 
super-luminous diodes, light emitting devices, and solid-state laser diodes. 

5 . The therapeutic treatment apparatus of Claim 1 , wherein the at least one 

» 

treatment radiation source is a Nd:YAG SSD laser tuned to emit radiation having a 
wavelength of approximately 1,064 nanometers. 

6. The therapeutic treatment apparatus of Claim 1, wherein the at least one 
treatment radiation source is configured to emit radiation having a wavelength of 
approximately between 800 and 1,100 nanometers. 

7. A therapeutic treatment apparatus for photo stimulation of biological tissue, 
comprising: 

at least one treatment radiation source providing radiation at a predetermined 
wavelength selected from the range approximately between 800 and 1,100 nanometers and 
adapted to illuminate the biological tissue; 

an infrared camera configured to detect infrared radiation emitted by the target 
biological tissue and adapted to produce an image signal corresponding to the detected 
radiation; 

a data processing and recording device configured for receiving and processing the 
image signal and adapted to generate an electronic signal in the form of a plurality of frames 
corresponding to the image signal at various time intervals; 

wherein the data processing and recording device captures and analyzes the frames to 
quantify the radiation emitted by the biological tissue in at least one unit of measurement 
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selected from the group including wavelength, radiance, luminosity, temperature, area, 
volume, change in temperature, rate of change of temperature, relative temperature, energy, 
change in energy, rate of change of energy, and relative energy; and 

wherein the data processing and recording device is further configured to control the 
5 energy output of the at least one treatment radiation source to induce and maintain a 
preselected energy input to and output from the biological tissue. 

8, The therapeutic treatment apparatus of Claim 7, wherein the data processing 
and recording device is configured to measure the temperature of the biological tissue and to 
10 control the output of the at least one treatment radiation source whereby the biological tissue 
is heated to and maintained at a predetermined temperature for a selected period of time. 



9. The therapeutic treatment apparatus of Claim 7, wherein the at least one 
treatment radiation source is selected from the group including semiconductor laser diodes, 

15 super-luminous diodes, light emitting devices, and solid-state laser diodes. 

10. The therapeutic treatment apparatus of Claim 7, wherein the at least one 
treatment radiation source is a Nd: YAG SSD laser tuned to emit radiation having a 
wavelength of approximately 1,064 nanometers. 
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11. The therapeutic treatment apparatus of Claim 7, further comprising: 

at least one additional treatment radiation source configured to emit radiation having a 
wavelength of approximately between 800 and 1,100 nanometers. 
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12. A therapeutic treatment apparatus for photostimulation of biological tissue, 
comprising: 

at least one treatment radiation source providing radiation at a predetermined 
wavelength selected from the range approximately between 800 and 1,100 nanometers and 
adapted to illuminate the biological tissue; 

an infrared camera configured to detect infrared radiation emitted by the target 
biological tissue and adapted to produce an image signal corresponding to the detected 
radiation; 

a data processing and recording device configured for receiving and processing the 
image signal and adapted to generate an electronic signal in the form of a plurality of frames 
corresponding to the image signal at various time intervals; 

wherein the data processing and recording device captures and analyzes the frames to 
quantify the radiation emitted by the biological tissue in at least one unit of measurement 
selected from the group including wavelength, radiance, luminosity, area, volume, 
temperature, change in temperature, rate of change of temperature, relative temperature, 
energy, change in energy, rate of change of energy, and relative energy; and 

wherein the data processing and recording device is further configured to block the 
energy emitted by the at least one treatment radiation source that is reflected by the biological 
tissue and subtract the reflected energy from quantified unit of measure. 

13. The therapeutic treatment apparatus of Claim 12, wherein the at least one 
treatment radiation source is selected from the group including semiconductor laser diodes, 
super-luminous diodes, light emitting devices, and solid-state laser diodes. 
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14. The therapeutic treatment apparatus of Claim 12, wherein the at least one 
treatment radiation source is a Nd:YAG SSD laser tuned to emit radiation having a 
wavelength of approximately 1,064 nanometers. 

15. The therapeutic treatment apparatus of Claim 12, further comprising: 

at least one additional treatment radiation source configured to emit radiation having a 
wavelength of approximately between 800 and 1,100 nanometers. 



16. A therapeutic treatment apparatus for photostimulation of biological tissue, 
comprising: 

at least one treatment radiation source providing radiation at a predetermined 
wavelength selected from the range approximately between 800 and 1,100 nanometers and 
adapted to illuminate the biological tissue; 

an infrared camera configured to detect infrared radiation emitted by the target 
biological tissue and adapted to produce an image signal corresponding to the detected 
radiation; 

a data processing and recording device configured for receiving and processing the 
image signal and adapted to generate an electronic signal in the form of a plurality of frames 
corresponding to the image signal at various time intervals; 

wherein the data processing and recording device captures and analyzes the frames to 
quantify the radiation emitted by the biological tissue in at least one unit of measurement 
selected from the group including wavelength, radiance, luminosity, area, volume, 
temperature, change in temperature, rate of change of temperature, relative temperature, 
energy, change in energy, rate of change of energy, and relative energy; 
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wherein the data processing and recording device is further configured to block the 
energy emitted by the at least one treatment radiation source that is reflected by the biological 
tissue and subtract the reflected energy from quantified unit of measure; and 

wherein the data processing and recording device is further configured to control the 
energy output of the at least one treatment radiation source to induce and maintain a 
preselected energy input to and output from the biological tissue sans the reflected energy. 

17. The therapeutic treatment apparatus of Claim 16, wherein the at least one 
treatment radiation source is selected from the group including semiconductor laser diodes, 
super-luminous diodes, light emitting devices, and solid-state laser diodes. 

18. The therapeutic treatment apparatus of Claim 6, wherein the at least one 
treatment radiation source is a Nd:YAG laser tuned to emit radiation having a wavelength of 
approximately 1,064 nanometers. 

19. The therapeutic treatment apparatus of Claim 16, further comprising: 

at least one additional treatment radiation source configured to emit radiation having a 
wavelength of approximately between 800 and 1,100 nanometers. 

20. A therapeutic treatment apparatus for photostimulation of biological tissue, 
comprising: 

at least one treatment radiation source providing radiation at a predetermined 
wavelength selected from the range approximately between 400 and 1 1,500 nanometers and 
adapted to illuminate the biological tissue; 
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an infrared camera configured to detect infrared radiation emitted by the target 
biological tissue and adapted to produce an image signal corresponding to the detected 
radiation and further including a filter component adapted to block radiation having the 
predetermined wavelength, the filter selected from the group including optical and electronic 
filters; 

a data processing and recording device configured for receiving and processing the 
image signal and adapted to generate an electronic signal in the form of a plurality of frames 
corresponding to the image signal; and 

wherein the data processing and recording device captures and analyzes the frames to 
quantify the radiation emitted by the biological tissue in at least one unit of measurement 
selected from the group including wavelength, radiance, luminosity, area, volume, 
temperature, change in temperature, rate of change of temperature, relative temperature, 
energy, change in energy, rate of change of energy, and relative energy. 

21. A therapeutic treatment apparatus for photostimulation of biological tissue, 
comprising: 

at least one treatment radiation source providing radiation at a predetermined 
wavelength selected from the range approximately between 400 and 1 1,500 nanometers and 
adapted to illuminate the biological tissue; 

an infrared camera configured to detect infrared radiation emitted by the target 
biological tissue and adapted to produce an image signal corresponding to the detected 
radiation at windows corresponding to precise moments in time; 

a data processing and recording device configured for receiving and processing the 
image signal and adapted to generate an electronic signal in the form of a plurality of frames 
corresponding to the image signal; 
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wherein the data processing and recording device captures and analyzes the frames to 
quantify the radiation emitted by the biological tissue in at least one unit of measurement 
selected from the group including wavelength, radiance, luminosity, area, volume, 
temperature, change in temperature, rate of change of temperature, relative temperature, 
energy, change in energy, rate of change of energy, and relative energy; 

wherein the data processing and recording device is further configured to control the 
infrared camera and the energy output of the at least one treatment radiation source to emit 
pulses of radiation to induce and maintain a preselected energy input to and output from the 
biological tissue sans the reflected energy; and 

wherein the data processing and recording device is further configured to block the 
detection of treatment radiation reflected by the biological tissue by synchronizing the timing 
the emitted treatment radiation pulses with the infrared camera detection windows so that the 
camera captures an image of the target biological tissue at a moment between radiation 
pulses. 

22. A method for using a therapeutic treatment apparatus for photo stimulation of 
biological tissue, that includes the steps of: 

selecting at least one treatment radiation source that provides radiation at a 
predetermined wavelength selected from the range approximately between 400 and 11,500 
nanometers and adapted to illuminate the biological tissue; 

selecting an infrared camera configured to detect infrared radiation emitted by the 
target biological tissue and adapted to produce image signals corresponding to the detected 
radiation; 
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selecting a data processing and recording device configured for receiving and 
processing the image signals and adapted to generate an electronic signal in the form of a 
plurality of frames corresponding to the image signals; and 

capturing and analyzing the frames with the data processing and recording device; 

and 

quantifying the radiation emitted by the biological tissue in at least one unit of 
measurement selected from the group including wavelength, radiance, luminosity, area, 
volume, temperature, change in temperature, rate of change of temperature, relative 
temperature, energy, change in energy, rate of change of energy, and relative energy. 

23. The method according to Claim 22, further comprising the step of controlling 
the energy output of the at least one treatment radiation source to induce and maintain a 
preselected energy input to and output from the biological tissue. 

24. The method according to Claim 22, further comprising the step of blocking the 
energy emitted by the at least one treatment radiation source that is reflected by the biological 
tissue and subtracting the reflected energy from quantified unit of measure. 

25. The method according to Claim 22, further comprising the step of controlling 
the energy output of the at least one treatment radiation source to induce and maintain a 
preselected energy input to and output from the biological tissue sans the reflected energy. 
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